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T h i s  r e p o r t  conta ins  (1) a summary of research  
performed i n  which s u b s t a n t i a l  support  came from grant 
N s G - 4 1 6 ;  ( 2 )  a l i s t i n g  o f  NASA Postdoctoral  Fellows; 
(3 )  a l i s t i n g  o f  NASA Predoctoral  Trainees;  (4 )  a 
r e p o r t  of new f a c u l t y  added i n  space- re la ted  r e sea rch  

- areas; and (5)  biographies  of  new NASA-SRCC appointees .  



9:30 a.m. 

9:45 a . m .  

APPLICATIONS OF THERMODYNAMICS TO 
METALLURGICAL PROCESSES 

The Universi ty  o f  P i t t sburgh  has r e c e n t l y  
e s t a b l i s h e d  a Center f o r  t he  Study o f  Thermodynamic 
P rope r t i e s  of Materials. This Center i s  under t h e  
d i r e c t i o n  of Dr. G .  Raymond F i t t e r e r ,  ( formerly 
Chairman of t h e  Meta l lurg ica l  Engineering Department 
and Dean of t h e  Schools of Engineering and M i n e s ) .  

I n  l i n e  with t h i s  development. D r -  Gscvald 
Kubaschewski, Senior  P r inc ipa l  S c i e n t i f i c  O f f i c e r  of  
t h e  National Physical  Laboratory i n  Teddington, 
Middlesex, England, has come t o  t he  Universi ty  as a 
V i s i t i n g  Professor  t o  teach and serve  a s  a consu l t an t  
t o  t h e  Center .  

I n  add i t ion ,  Dr. Les l i e  L .  Se ig l e ,  Head of 
t h e  Metal Physics Group of  the  General Telephone and 
E l e c t r o n i c s  Labora tor ies ,  Bayside, New York, w i l l  a l s o  
serve as a V i s i t i n g  Professor  during t h e  c u r r e n t  school 
y e a r .  

M r .  Robert J .  King of the Applied Research 
Labora tor ies  of t h e  U.S. Stee l  Corporation and M r .  
Charles  J .  Kubit o f  t he  Atomic Power Divis ion of 
Westinghouse have been given leaves of absence from 
t h e i r  companies f o r  extended periods s o  as t o  assist 
i n  th i s  development. A number of graduate  s tuden t s  
f r n m  here and abroad are a l s o  a c t i v e l y  engaged i n  t h e  
program. 

T h i s  C e n t e r  i s  dedicated t o  the  determinat ion 
of  fundamental p r o p e r t i e s  of  mater ia l s  and t o  t h e i r  
p r a c t i c a l  a p p l i c a t i o n s  through t h e  use of thermodynamic 
p r i n c i p l e s .  It i s  sponsoring a conference on t h i s  
s u b j e c t  on November 30 and December 1, 1964. The 
program is:  

Monday, November 30, 1964 

8:oo t o  9:30 a.m. REGISTRATION, Mellon I n s t i t u t e  
Auditorzr 
OPENING REMARKS by D r .  G .  R .  
F i t t e r e r ,  Conference Chairman 

"Welcome t o  the  Conference." ~- 

- D r .  E. H - L i t c h f i e l d ,  Chaniel lor ,  
Univgrsrty oi' P i t t sbu rgh  



I 
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1O:OO a . m .  PANEL I: "The Current S t a t u s  and 
Ava i l aE i l i t y  of Fundamental 
Thermodynamic Data" 

Cha i rman :  D r .  Frederick - D. Rossini ,  
Dean, C o l l e g e  of Science, Notre Dame 
Universi ty  

Panel : 

1. 

2 .  

3. 

4. 

5. 

6. 

7 .  

D r .  Ralph Hultgren, Professor  of 
Metallurffp, Universi ty  of 
Ca l i fo rn ia -  (Berkeley)-. "Addit ional  
Data Needed t o  E s t a b l i s h  t h e  
Thermodynamic P rope r t i e s  of Alloying 
Sys tems . I'  

D r .  Oswald Kubaschewski, Senior  
Pr inc iPa l  S c i e n t i f i c  Of f i ce r ,  _. 

N a t i o n h  Physical  Laboratory; 
Teddington, Middlesex, England. 
"The Calcula t ion  of Phase 
Boundaries i n  Meta l l ic  Systems." 

Dr. John Chipman, Professor  of 
Metallur@;y(Emeri t u s  ) , 
Massachusetts I n s t i t u t e  of 
Technology. " A c t i v i t i e s  and 
Ac t iv i ty  Coef f i c i en t s  i n  Metallic 
Solu t ions  and R - l a t i o n s  t o  
Meta l lurg ica l  Processes." 

- Dr. C .  B. Alcock, Reader i n  
ChemTcai Metallurgy, Imperial  
College o f  Science and 
Technology, Universi ty  of London; 
cur ren t ly  V i s i t i n g  Professor ,  
North Carol ina S t a t e  U n i v e r s i t y .  
"Di lu te  Solu t ions  i n  Metals and 
Alloys w i t h  P a r t i c u l a r  Reference 
t o  Oxygen and S u l f u r , "  

- D r .  E v e r e t t  R .  Johnson, Off ice  
of Standard Reference Data. 
National Bureau of Standards.  
"The National Standard Reference 
Data Program - H i s t o r i c a l  
Development and Current S t a t u s  ." 
Discussion 

Summary and Closure - D r .  F. D. 
R o s s i n i  - - -  



l2:3O t o  2 : O O  p.m. LUNCHEON A s p e c i a l  luncheon f o r  a l l  
conferees has been arranged a t  
Webster H a l l .  I n  add i t ion ,  the  
c a f e t e r i a  i n  Schenley H a l l  i s  a v a i l a b l e .  

2 : O O  p.m. PANEL 11: "Applicat ions of Thermo- 
dynamicPr inc ip l e s  t o  Meta l lurg ica l  
Systems" 

Chairman: D r .  W. E. Wallace, Chairman 
Department of CEefistry,  Univers i ty  of 
P i t t sburgh  

Panel:  

1. _L D r .  G. W. Mellors, Research 
S c i e n t i s t  and D r .  S. Senderoff, 
Senior S c i e n t i s t ,  Farma Research 
Laborator ies ,  Union Carbide 
Company. "Electrode Reactions i n  
the E l e c t r o l y s i s  of Fused S a l t s .  I'  

2. Dr. B. Meddings, Ass is tan t  Head, 
KseKrch Divis ion and Dr. V. N.  
Mackiw Direc tor ,  R e  search-ang 
Development Divis ion,  S h e r r i t t -  
Gordon Mines, Alberta ,  Canada. 
"The Gaseous Reduction of Metals 
f r o m  Aqueous Solu t ions .  ' I  

3.  - D r .  I r v i n g  Johnson, Associate 
C h e m ~ h ~ ~ ~ E n g i n e  e ri ng 
Division, Argonne National 
Laboratory. " P a r t i t i o n  of 
Metals between Liquid Metal 
Sol ids  and Fused S a l t s . "  

4 .  Dr. T. R .  Ingraham, Head, Research 
z c t r o n ,  Canadian Mines Branch, 
O t t a w a ,  Canada. "Sulphate S t a b i l i t y  
and Phase Diagrams with P a r t i c u l a r  
Reference t o  Roasting. I' 

5. - D r .  J.  J. Ward, Research Associate,  
- D r .  5. w. Oxley, Ass i s t an t  Div is ion  
ChieT,  r a t t - M e m o r i a l  I n s t i t u t e ,  
Columbus, Ohio, and Mr. A. D. - Coon, Graduate Assistant; TEe 
Ohio  S t a t e  Universi ty ,  Columbus, 
Ohio.  "Preparat ion o f  Pure  
Tungsten Metal from the  Reactions 
of Tungsten Hexa-carbonyl with 
Mixtures of  Hydrogen and Steam." 
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6 .  Discussion 

6:OO p.m. 

9 : 3 0  a.m. 

7 .  Summary and Closure - D r .  W. E .  

RECEPTION AND DINNER, Georgian Room, 
Hotel W e b s 5  H a l l  

- - -  
Wallace 

CONFERENCE ADDRESS: D r .  0. 
Kubaschewski. "The Next Tgn Years -~ 

i n  Chemical Metallurgy" 

Tuesday, December 1, 1964 

PANEL 111: "Applications of Thermo- 
m i c s t o  Meta l lurg ica l  Systems" 
(continued) 

Chairman: Dr. J .  Alfred Berger, 
Chairman, M z a l i u r g i c a l  Engineering 
Department, Universi ty  of P i t t sbu rgh  

Pane 1 : 

1. 7 D r .  George R .  S t .  Pierre,  
P r o f  e ssor , Re t z l u r f f i c a l  
Engineering, The Ohio S t a t e  
Universi ty .  "Free Energy Balance 
i n  Process Analysis.  I' 

2 .  Dr. C .  W .  McCoy, Senior  Research Eientizt; Mr. A .  F. Kolek, 
Me t a l l u r g i  c z  TgchEi c ian ;  and 
- D r .  F. C .  Langenberg, Di rec tor ,  
Process-Research and Development 
Laboratory, Crucible S t e e l  Company 
of America. "Application of 
Thermochemical Data During Sta in-  
l e s s  S t e e l  Melting. I '  

3. Dr. Paul G i l l e s ,  P rofessor ,  Chemistry 
E p a = n m v e r s i t y  of Kansas. 
"The rmodynami c Analy s i  s o f  Mate ri a1 s 
at  High Temperatures and Low 
Pressures .  11 

4. - D r .  G. R.  F i t t e r e r ,  Dist inguished 
Professor,  Meta l lurg ica l  
Engineering and D i r e c t o r  of the 
The rmodynami c s Cen t e  r , Unive rsi t y  
of P i t t sbu rgh .  "A Summary of 
Experiences i n  Applying Thermo- 
dynamics t o  Meta l lu rg ica l  Processes. '' 



5. Discussion 

6 .  Summary and Closure - - - -  Dr. J .  A.  
Be rge r 

l2:3O t o  2:OO p.m. Lunch, Hotel Webster H a l l  

2 : O O  p.m. PANEL I V :  "Needs f o r  Future 
Applications of Thermodynami cs"  

Chairman: D r .  J.  F. E l l i o t t ,  
Prof e s s o r  orMeTalTurgy , Mas sachuse t t s 
I n s t i t u t e  o f  Technology, Cambridge, 
Massachusetts 

Panel: 

1. - Dr. Charles E.  May, Head, 
High Temp e razu r n h e m i  s t ry 
Sect ion,  L e w i s  Research Center, 
National Aeronautics and Space 
Administration, Cleveland, Ohio. 

Requirements i n  Space Mater ia l s .  I' 
11 

2. - D r .  P.  T. Stroup, Ass i s t an t  
DirectoF o m a r c h ,  Aluminum 
Company of America, N e w  Kensington, 
P a .  "The Aluminum Indus t ry .  I' 

3. E. H. H.  Kellogg, Professor  of  
Metarlurgy, Columbia Universi ty ,  
New York City.  i iProblems i n  t h e  
Non-ferrous I n d u s t r i e s .  I '  

4. Professor  W i l l i a m  0. Philbrook, 
Meta l lurg ica l  Engineering 
Department, Carnegie I n s t i t u t e  of 
Technology, P i t t sburgh ,  Pa .  "Needs 
i n  t h e  Basic  Oxygen Furnace S t e e l  
Process.  I'  

5. D r .  J .  E. Fogarty, Ass is tan t  t o  
=e Superintendent ,  Smith Divis ion,  
Republic S t e e l  Co., Canton, Ohio. 
"Vacuum Degassing of Liquid S t e e l .  'I 

6. - Dr. T. B. Winkler, Ass i s t an t  General 
Manage r: Home r R e  search Laborator ie  s , 
Bethlehem S t e e l  Company, Bethlehem, 
Pa. "The Problems i n  Continuous 
Casting. I' 
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7 .  Discuss ion  

8. Pane l  Summary by D r .  E l l i o t t  

9. Closure by t h e  Conference Chairman 

- 



TKEORETICAL STUDY OF FLOW SEPARATION 

R .  K .  Duggins, NASA Postdoctoral  Fellow i n  
Mechanical Engineering 

by 

An i n v e s t i g a t i o n  i n  the f i e l d  of aeronaut ics  
has been i n i t i a t e d ,  the  a i m  being t o  gain f u r t h e r  
knowledge on the  t h e o r e t i c a l  treatment of flow 
s e p a r a t i o n .  It i s  flow separa t ion  which l i m i t s  t he  
performance o f  many f l u i d  mechanisms s o  t h a t  a 
b e t t e r  understanding of the  phenomenon would c l e a r l y  
have very fa r - reaching  app l i ca t ion .  

Previous work on t h i s  t o p i c  has been based on 
two d i s t i n c t  p o t e n t i a l  f l o w  theories-- the f r e e  
s t r eaml ine  theory and t h e  trapped vor tex  theory.  I n  
t h e  former, i t  i s  assumed t h a t  t he  d iv id ing  s t reaml ine ,  
which bounds a separa t ion  region, may be regarded a s  
one of the f l o w  boundaries and as a contour  of cons tan t  
v e l o c i t y  and pressure .  On the o the r  hand, t he  trapped 
vo r t ex  theory makes n o  such assumption and, i n s t ead ,  
account i s  taken of the separa t ion  region as an 
in tegra l  p a r t  of the o v e r a l l  flow p a t t e r n .  T h i s  i s  
done by regarding the  mechanism o f  separa t ion  and 
reattachment as a p o t e n t i a l  flow phenomenon and by 
r s w e s e n t i n g  the  c i r c u l a t i o n  o f  f l u i d  within the  
sepa ra t ion  region as a trapped vor tex .  

Nei ther  theory g ives  e n t i r e l y  s a t i s f a c t o r y  
L . C D U L ~ S ,  althmgh each n n ~  has a t t r a c t i v e  f e a t u r e s .  
For example, a c l a s s i c a l  f r e e  s t reaml ine  a n a l y s i s  
enables  the  p r o f i l e  of a d iv id ing  s t reaml ine  t o  be 
a c c u r a t e l y  loca ted ,  whereas a trapped vortex a n a l y s i s  
g i v e s  a be t te r  representa t ion  of the  reattachment 
process  which o f t en  forms a sequel t o  flow separa t ion .  

- r r . . l  c 

The p o s s i b i l i t y  of fusing the two methods i n t o  a 
s ing le  composite one i s  being i n v e s t i g a t e d  i n  the hope 
t h a t  t he  a t t r a c t i v e  f e a t u r e s  o f  both of t he  b a s i c  
t h e o r i e s  might be r e t a ined .  An i n t e n s i v e  search  of 
t h e  l i t e r a t u r e  suggests  t h a t  t h i s  l i n e  o f  a t t a c k  has 
n o t  been inves t iga t ed ,  but the prospects  seem very 
promising . 



POLYSACCHARIDE SYNTHESIS IN CRYPTOCOCCUS LAURENTII 

Helmut Ankel, NASA Postdoctoral Fellow in Biology 
by 

Background Information and Statement of Problem 

Biological macromolecules can be considered as 
members of two main classes--nucleic acids and proteins 
on the one hand and polysaccharides on the other. 
Proteins and nucleic acids are linear polymers which are 
synthesized in accordance with a template mechanism whereas 
polysaccharides are (often) branched polymers whose 
formation does not involve a template. As far as is known, 
the synthesis and structure of polysaccharides are 
regulated by the supply of terminal precursors (building- 
block donors) as well as by the specificity of the enzymes 
which mediate transfer of the glycosyl moieties (building 
blocks) from terminal precursor to the growing polymer 
chain. 

We have chosen to investigate as a model system 
the synthesis of the extracellular polysaccharides of 
Cr ptococcus laurentii, a non-fermentative yeast. The 
h d n s  the hexose D-:.;anr!oae, the hexuronic 
acid Q-glucuronic acid, and $he pentose D-xylose. The 
xylosn and glucuronosyl residues are alEays located at 
the end of branched chains of mannose units in this 
polymer. Xylose, therefore, seems to be one of the key 
compounds in the synthesis of this polymer, since, as 

it cannot grow any more. 
SQQ9 89 a ckrair? accepts a xylnsyl o r  glucuronosyl moiety; 

When this project was initiated, it was assumed 
that the donor of the xylosyl residue was uridine 
diphosphate D-xylose (UDPxyl), of the glucuronosyl residue 
UDP glucuronzte (UDPGA), and of the mannosyl residue 
guanosine diphosphate mannose (GDPM). In addition, based 
on previous findings with higher plants, it was assumed 
that UDPGA was enzymaticaUy decarboxylated by the organism 
to form UDPxyl. 
establish adequate control of the synthesis and structure 
of the polymer since the concentration of UDPxyl and the 
UDPxyl/UDPGA ratio would control the direction and extent 
of synthesis. 

Such a situation would be expected to 

Projected Program 

In order to be able t o  investigate details of 
regulation and synthesis of the polymer it was first 
necessary to establish the basic soundness of our 
hypothesis. 
hypothetical terminal precursors of polymer synthesis 

This would have to involve isolation of the 
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from the Cryptococcus c e l l s  and demonstration of t he  
pos tu l a t ed  r e a c t i o n s  lead ing  to  the formation and 
u t i l i z a t i o n  of t he  terminal  precursors  of polymer 
formation.  A t  p resent ,  a number of i n d i v i d u a l s  are 
working on var ious a spec t s  of the problem: on 
r e a c t i o n s  l ead ing  t o  conversion of simple sugars  t o  
nucleoside diphosphate sugars,  on r e a c t i o n s  lead ing  
t o  formation of te rmina l  precursors ,  and on r eac t ions  
leading t o  glycosyl  t r a n s f e r  i n t o  polymer from these 
precursors .  

Progress t o  Date 

During the tenure  of my NASA fel lowship,  I have 
been i n v e s t i g a t i n g  the formation of t e r m i n a l  p recursors .  
P e r t i n e n t  s p e c i f i c  d e t a i l s  a re  given i n  the progress  
r e p o r t s  of 1 December 1963, and 1 May 1964. These 
progress  r e p o r t s  are a b s t r a c t s  of p re sen ta t ions  a t  
s c i e n t i f i c  meetings. In summary, I succeeded i n  
demonstrating the presence i n  Cry tococcus l a u r e n t i i  of 

syn thes i s .  
Biochim. Bi-. Acta 90, 397 (1964).) In addi t ion ,  I 
succeeded i n  purifying-e enzyme respons ib le  f o r  
formation of UDPxyl from UDPGA. In t h i s  stage of t he  
work the s u r p r i s i n g  observation was made that the 
r e a c t i o n  requi red  c a t a l y t i c  q u a n t i t i e s  of the coenzyme 
NAD and  t ha t  i t  was i n h i b i t e d  by NADH2. The impl ica t ions  
of these f i n d i n g s  are fundamental and far-reaching.  
S ince  NADH2 i n n i b i t s  t h e  fei-iilatiGn of UDPxy1, the 
concent ra t ion  of NADH2 con t ro l s  t he  UDPxyl/bDPGA r a t i o  
and thereby c o n t r o l s  the syn thes i s  of  the polymer. 

most o f  t h e  pos tu l a t ed  t e r m i n a  +--- precursors  of polymer 
(These f ind ings  have been published i n  

Discovery of t he  need f o r  NAD lends support  t o  
the view that  4-keto-UDPGA i s  a n  in te rmedia te  i n  the  
decarboxylat ion.  Such a compound, w i t h  a ke to  group a t  
the  4 p o s i t i o n  of the glucuronosyl res idue ,  B t o  the 
carboxyl group, i .e . ,  b 

C < * O  

i s  a @ keto-acid.  In such compounds decarboxylation i s  
favored.  The r o l e  of the  NAD i n  t h e  r eac t ion  may be t o  
cause the t r a n s i e n t  formation of t he  ‘-+-keto compound by 
a c t i n g  as a r e v e r s i b l e  H acceptor .  

Since UDPGA decarboxylation was f i rs t  s tud ied  i n  
h ighe r  p l a n t s ,  i t  was of i n t e r e s t  t o  compare the enzyme 
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from p l a n t s  w i t h  ,,le cryptococcal enzyme. To t h i s  end, 
I have p u r i f i e d  the comparable enzyme from Wheat Germ. 
The p u r i f i e d  p ro te in ,  which has been obtained i n  a 
c r y s t a l l i n e  f r a c t i o n ,  showed no NAD a c t i v a t i o n ,  nor was 
i t  i n h i b i t e d  by NADH2. Possibly the p l a n t  enzyme does 
conta in  NAD, but  i t  i s  very f i rmly bound. 

P l a n s  for the  Future  

I expect t o  continue my s t u d i e s  of t he  mode of 
a c t i o n  of the p u r i f i e d  enzymes from the two separate 
sources ,  yeas t  and p l a n t ,  and hope t o  be able t o  throw 
some l i g h t  on the  mechanism of t h e  r eac t ion .  

S igni f icance  of  t h i s  Research 

The r e s u l t s  repor ted  here have genera l  s ign i f i cance  
i n  many a reas  of biology and biochemistry. 

Data of importance to comparative biochemistry 
and  evolut ion of macromolecules w i l l  r e s u l t  from 
cons idera t ion  of UDPGA carboxy-lyase from two sources,  
y e a s t  and h igher  p l an t s .  

It w i l l  be poss ib l e  t o  c o r r e l a t e  my f i n d i n g s  
w i th  s t u d i e s  on similar NAD-activated enzymes such as 
UDP-glucose-4-epimerase, i n  which the r o l e  of NAD i s  no t  
completely c l e a r .  

Information w i l l  he o b t a i n e d ,  having bearing on 
c o n t r o l  mechanisms e s p e c i a l l y  t h e  r o l e  of the NAD/NADHz 
r a t i o  i n  r egu la t ion  of syn the t i c  r e a c t i o n s .  



INFECTIVITY OF DNA ISOLATED FROM BACTERIOPHAGE sp82 

D. MacDonald Green, Associate Professor  of Biology 
by 

Since the  i n i t i a l  proposal was o f fe red ,  research 
has  been undertaken a t  the  Universi ty  of P i t t sbu rgh  on 
s e v e r a l  a spec t s  of t he  proposal,  and the  i n i t i a l  r e p o r t  
on the  I n f e c t i v i t y  of Bacteriophage sp82 DNA has  been 
w r i t t e n  and accepted f o r  pub l i ca t ion  i n  the  Journa l  - of 
Molecular Biology. 

The p resen t  research  t h a t  has been accomplished 
here  concerns s p e c i f i c  a t tempts  t o  c o r r e l a t e  t he  
gene t i c  map d i s t a n c e s  of t he  bacteriophage genome with 
the  phys ica l  s i z e  of the  molecule o f  DNA t h a t  bea r s  t he  
g e n e t i c  information. Although the  phys ica l  s t u d i e s  of the  
bacteriophage DNA molecular s i z e s  were accomplished a t  
Harvard Universi ty  a l l  o f  the  b i o l o g i c a l  d a t a  repor ted  
h e r e i n  has  been done a t  the  Universi ty  of P i t t sburgh .  

The quest ion a t  hand i s  t o  determine whether t h e r e  
i s  any c o r r e l a t i o n  o f  t h e  map d i s t ances  with the  phys ica l  
s i z e  of the  DNA molecule. To ask t h i s  quest ion i t  i s  f i rs t  
necessary t o  have DNA molecules of d i f f e r e n t  s i z e s .  Burgi 
and Hershey (1) have developed techniques f o r  s p e c i f i c a l l y  
breaking bacteriophage DNA molecules i n t o  h a l f  p ieces .  We 
have been ab le  t o  confirm t h e i r  observa t ions  with the  DNA 
of  o u r  bacteriophage. When bacteriophage sp82 DNA i s  
s t i r r e d  a t  the  proper  speed i n  a microhomogenizer t he  
molecular v~e igh t  undergnes a discreet .  shift, f r o m  a molecular 
weight of 120 x 106 da l tons  t o  ha l f  t h i s  value,  62 x 106 
d a l t o n s .  

Using t h e  sheared and unsheared D N A ' s  i n  b i o l o g i c a l  
a s says  we can determine the  e f f e c t  of t he  shear ing on the  
a b i l i t y  of the DNA t o  cont r ibu te  gene t i c  markers. This  
i s  poss ib l e  by using wild-type bacteriophage DNA (sheared 
or unsheared) t o  i n f e c t  b a c t e r i a l  c e l l s  and subsequently 
"rescuing" t h i s  DNA by super infec t ion  of t he  bacterium 
with a mutant bacter iophage.  If we p l a t e ,  t he  now 
super infec ted ,  c e l l s  under condi t ions where the  super infec t -  
i n g  phage w i l l  no t  p l a t e ,  those plaques a r i s i n g  w i l l  be t h e  
r e s u l t  of recombination between the  supe r in fec t ing  phage 
and the  i n f e c t i v e  DNA. I n  t h i s  manner the  s e n s i t i v i t y  of 
shea r  o f  var ious  s i n g l e  mutant  markers and p a i r s  of mutant 
markers can be determined. Since the  l inkage d i s t a n c e s  
between the  p a i r s  of markers has  been determined by g e n e t i c  
mapping, and a l l  markers a r e  l inked  i n  t h i s  system, i t  i s  
then  poss ib l e  t o  p l o t  the  s e n s i t i v i t y  o f  t he  marker or 
marker p a i r s  a g a i n s t  the f r a c t i o n  of the  g e n e t i c  map t h a t  
t he  marker or marker p a i r  subtends. Analysis of t he  d a t a  
t h u s  generated shows a d i r e c t  c o r r e l a t i o n  between the  map 
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d i s t ance  between markers and the  s e n s i t i v i t y  t o  shear ing  
i n t o  h a l f  p ieces .  Since the  i n i t i a l  and h a l f  molecular 
weights of the  DNA have been determined i t  i s  p o s s i b l e  
t o  p re sen t  t h i s  p l o t  as the  f r a c t i o n a l  s u r v i v a l  f o r  any 
marker o r  marker pa i r  as a func t ion  of molecular weight. 
Such a p l o t  of t he  molecular weight a t  which an e - l  
s u r v i v a l  i s  achieved as a func t ion  of t h e  map d i s t ance  
between markers i s  presented.  

T h i s  p l o t  has the  following c h a r a c t e r i s t i c s :  
It e x t r a p o l a t e s  t o  t h e  known molecular weight o f  the 1) 

phage where marker p a i r s  a r e  a t  opposi te  po le s  of the 
genome. T h i s  i s  expected s ince the  shear ing  events  
tend t o  occur a t  the  cen te r  o f  the  molecule and w i l l  thus  
unl ink  a l l  marker pairs separated by e x a c t l y  h a l f  of the  
t o t a l  map d is tance .  2 )  There i s  a d i r e c t  p r o p o r t i o n a l i t y  
between t h e  f r a c t i o n  o f  t he  t o t a l  genome t h a t  a marker 
p a i r  subtends and the  molecular weight t ha t  an e-1 
s u r v i v a l  i s  achieved. Thus, t he  gene t i c  d i s t ance  i s  
p ropor t iona l  t o  molecular d i s tance  f o r  t h e  marker pairs 
examined. This  i s  aga in  expected s ince  the  p r o b a b i l i t y  
o f  a marker p a i r  spanning t h e  p o s i t i o n  of the shear 
event  w i l l  be d i r e c t l y  propor t iona l  t o  the  length  o f  t he  
molecule between the  two genes. 3) The molecular weight 
extrapolatffdat  z e r o  genome f r a c t i o n  subtended i s  of the 
o r d e r  o f  40 x lo6 da l tons .  
observa t ion  are no t  c l e a r .  However, i t  i s  reasonable t o  
assume that  t h e  frequency with which non-central  breaks 
occur,  and t h e  a r e a  of damage caused by a s c i s s i o n  and, 

cooperate i n  an exchange event w i l l  a l s o  e f f e c t  t h i s  
parameter . 

The exac t  reasons f o r  t h i s  

as wel l ,  t h e  r t i~~lL~r lu t l~  - - 1 n - ~ ~ 1 ~ ~  L I ~ W A G L U ~ U A  woioht. r r v r o . .  - of DNA t h a t  can 

These observa t ions  y i e l d  the  following conclusions 
about the  gene t i c  s t r u c t u r e  o f  t h e  sp82  bacteriophage: 
1) 
the phys ica l  molecule, and 2 )  recombination events  occur 
(ove r  the  r e l a t i v e l y  long molecular d i s t a n c e s  measured 
h e r e )  p ropor t iona l ly  t o  the  molecular d i s t ance  between 
markers. 

t he  gene t i c  map i s  c i r c u l a r l y  permuted i n  r e spec t  to 

(1) E .  Burgi and A .  D. Hershey, J .  Mol. Bio l .  - 3, 458 (1961). 



GENETIC AND BIOCHEMICAL EFFECTS OF RADIATION 
ON SOMATIC CELLS 

by 
S. Venketeswaran, NASA Postdoctoral Fellow in Biology 

The objectives of the present investigations were 
to study the influence of environmental and cultural 
conditions on the photosynthetic mechanism. For these 
studies, somatic cells of albino mutants of tobacco grown 
in sterile culture were employed. 

"Albinism" in tobacco, which is controlled by 
duplicate genetic factors for chlorophyll production, 
represents a lethal character under normal conditions 
of plant development and is phenotypically expressed by 
the absence of chlorophyll. With tissue culture techniques 
and supplemental carbohydrate nutrition, in the present 
work it has been possible to overcome this lethality at 
the cellular and callus levels of organization. 

Proliferating albino callus tissue cultures in a 
totally-defined salt-sucrose medium are continuously 
maintained for further experimentation. Patches of green 
chlorophyllous areas, which appear on albino callus 
growing under low intensities of illumination when isolated 
andgrom,continue to remain green indicating the capacity 
of the albino cells for chlorophyll production under 
specific culture conditions. 

Irradiation experiments 2:: albinc! P l a n t  material 
from a Cs137 source showed that the callus cultures are 
more radioresistant than the 10-12 day-old germinated 
seedlings or axillary buds from mature seedlings in 
culture. After an irradiation of 7800 r, liquid suspensions 
when plated on agar failed t o  produce any colony growth 
whereas morphological effects on seedlings were evident 
after an irradiation of only 500 r. More experiments are 
in progress for evaluating and isolating mutant colonies 
which may have one or more blocks in their chlorophyll 
pathway and biosynthesis. 

"Green-pigmented callus" isolated from known 
genetic strains of tobacco possessing the specific genotype 
f o r  chlorophyll production develop normal chloroplast 
differentiation depending on the chemical and physical 
nature of the culture conditions. The growth factors 
incorporated in the culture medium influenced considerably 
the qualitative and quantitative expression of chloroph 11, 
viz., deletion of 2,4-dichlorophenoxyacetic acid (2,4-D 3 
and addition of kinetin increased chlorophyll production. 
Chlorophyll destruction and bleaching were v e ~ y  evident 
under strong intensities of light whereas low intensities 
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of l i g h t  provided by Sylvania 'Gro-Luxl i l l umina t ion  
favored the  development and funct ioning of a normal 
photosynthet ic  apparatus .  

E lec t ron  microscopic observat ions of c h l o r o p l a s t s  
i n  c e l l s  of normal green c a l l u s  revealed a t y p i c a l  
grana and stroma l ame l l a r  system as i n  ch lo rop la s t s  of 
normal leaves .  Detailed analyses o f  the c e l l s  from a l b i n o  
p l a n t s  and from a l b i n o  c a l l u s  a r e  a t  p resent  i n  p rogress .  
It w i l l  be thus  poss ib l e  t o  demonstrate t he  phys io logica l  
expression o f  chlorophyl l  synthes is  and ch lo rop la s t  
d i f f e r e n t i a t i o n  from biochemical s t u d i e s  and f r o m  d e t a i l s  
of u l t r a s t r u c t u r e .  

I n  summary, it has been poss ib l e  t o  demonstrate ( i) 
t h a t  "a lb in i sm"  which represents  a 100 per  cent  l e t h a l  cha rac t e r  
can be overcome by using s p e c i f i c  c u l t u r e  techniques and 
by supplemental carbohydrate n u t r i t i o n ;  (ii) tha t  such 
a l b i n o  c e l l s  i n  c u l t u r e  can show normal ch lorophyl l  syn thes i s  
a n d  ch lo rop la s t  d i f f e r e n t i a t i o n  under s p e c i f i c  c u l t u r e  
condi t ions ;  (iii) t h a t  cu l tured  c e l l s  a r e  more r a d i o r e s i s t a n t  
than seedl ings  o r  buds from mature p l a n t s  and thus  a f f o r d  
a b e t t e r  way t o  approach biochemical s t u d i e s  on photo- 
s y n t h e t i c  mechanism; ( i v )  that ch lorophyl l  syn thes i s  and 
c h l o r o p l a s t  d i f f e r e n t i a t i o n  i n  normal green c e l l s  i n  
c u l t u r e  w i l l  depend on the  chemical and phys ica l  na ture  
of t h e  c u l t u r e  and ( v )  tha t  i t  i s  poss ib l e  t o  re la te  
phys io logica l  expression of  chlorophyl l  syn thes i s  w i t h  
u l t r a s t r u c t u r e  a n a l y s i s  of ch lo rop la s t  d i f f e r e n t i a t i o n  i n  
c u l t u r e d  c e l l s .  

This work complements similar s t u d i e s  being 
c a r r i e d  out  i n  o t h e r  systems i n  t h i s  l abora to ry .  An 
u l t i m a t e  ob jec t ive  i n  the t o t a l  program i s  the  s tudy of 
g e n e t i c  f a c t o r s  a t  the somatic c e l l  l e v e l .  The u t i l i z a t i o n  
of  known gene t i c  mutants provides a r e l a t i v e l y  wel l  def ined  
p o i n t  of depar ture  i n  t h i s  study. 



STRUCTURE OF DINAPHTHOQUINONE 

E l l i  Hand, NASA Postdoctoral  Fellow i n  Chemistry 
by 

The s t r u c t u r e  determination of the alleged 
monohydrazone" of dinaphthoquinone was continued. It I t  

was found that the compound, t e n t a t i v e l y  assigned 
s t r u c t u r e  I, could a l s o  be prepared by t reatment  of 
naphthoquinone i t s e l f  w i t h  hydrazine. I t s  elemental  
a n a l y s i s ,  C H 0 N2, shows c l e a r l y  that Pummerer's 
hydrazone s go ruc  l? u 2 e i s  i n c o r r e c t .  O f  the  ox ida t ion  
products  only one, p h t h a l i c  ac id ,  has so far been 
i d e n t i f i e d .  Reduction, even under a c y l a t i n g  condi t ions ,  
has y ie lded  only uns tab le  products.  A s  regards the 
a l t e r n a t e  unambiguous synthes is ,  the "coupling product" 
I1 has now been obtained.  Under var ious  reduct ion  
condi t ions  the N-N bond of I1 I s  cleaved, as shown by 
the  formation of a n i l i n e ;  s p e c t r a l  evidence i n d i c a t e s  
t h a t  compound 111, which has no t  been obtained i n  a 
pure state o r  i n  good yield,  can be formed. It i s  
expected t h a t  d i a z o t i z a t i o n  o f  I11 followed by reduct ion  
w i l l  y ie ld  comgound I. After  the s t r u c t u r e  of the 

monohydrazone has been e s t ab l i shed ,  i t s  possible 
charge- t ransfer  p r o p e r t i e s  w i l l  be inves t iga t ed .  
I t  

0 

Oh H 
I 

0 

I1 I11 

A s  a consequence of a chance observat ion,  a 
series of nuc lea r  magnetic resonance s tud ie s  was 
c a r r i e d  out  on i n t e r a c t i o n s  of organic  compounds i n  
aqueous so lu t ions .  The e f f e c t  of t h e  diamagnetic 
an i so t ropy  of aromatic compounds permitted the monitoring 
of the i n t e r a c t i o n s .  
phobic bonding. The e x t e n t  o f  aggregate formation 
parallels approximately t h e  concent ra t ion  of the aromatic 
material and the nonpolar cha rac t e r  of the organic  
compounds. Thus, t h e  chemical s h i f t  of compounds 
generally used as s tandards  i n  aqueous s o l u t i o n  i s  
s t r o n g l y  a f f e c t e d  by the  presence of the aromatics  
(phenanthrene and naphthalene d e r i v a t i v e s ) .  
become a u s e f u l  t o o l  f o r  studying hydrophobic bonding 
i n  p rope r ly  s e l e c t e d  systems. 

Aggregates are formed by hydro- 

N.M.R. may 



STATISTICAL INFERENCE FROM RADIOACTIVITY MEASUREMENTS 

Edgar Inselberg, MASA PosSdoctoral Fellow in ChemisS;ry 
by 

Flash SDectroscoDs of PorDhvridium 

The spectrum of flash-induced absorption changes in 
Porphyridium was investigated. The main feature was a 
relatively large negative change at 420 mp, attributed to 
the photo-oxidation of the cytochrome f pigment system. 
The demonstration of a positive absorption change at 520 rn& 
points to the similarity in the primary photosynthetic 
steps between this alga, a representative of red a;l&ae, 
and the more intensively studied green algae, such as Chlorella. 

The absence of a negative change at 475 w, accompany- 
The anticipated change at 475 m p  is apparently 

ing the 520 w change in Chlorella, was explained in this 
paper. 
compensated by a positive change accompanying the photo- 
oxidation of cytochrome f, which is the system associated 
with the most prominent flash-induced changes in Porphyridium. 

The use of statistical criteria (fiducial probability) 
in the field of flash spectroscopy, in place of purely 
subjective criteria, to indicate the significance that can 
be attached t o  very small changes in absorbance (10-3 to 
absorbance units), is a methodological innovation introduced 
in this paper. 

Data on the ha l f - l i f e ,  4----- b y p c  U I  - 0  A n n Q ~ r  ULbUJ, magnitude 
and band width of the 520 rnh change in Porphyridium strongly 
indicate that this change is attributable to the same, or 
similar, pigment system as the 515 ml~ .  change in green algae. 
These findings have, therefore, clarified what was hitherto 
considered, on meager evidence, to be a puzzling departure 
of red algae from photosynthetic schemes worked out from 
research on green algae. (1) 

Current Project: Statistical Inference from Radioactivity 
Measurements. 

A. Work prior to present report: 
1. Literature review. 
2. I familiarized myself with recent develop- 

ments in instrumentation, including space 
applications. 

B. Work since the last report: 
1. The literature review was brought up t o  date, 
2. Recent textbooks in applied statistics were 

studied to review the mechanics, underlying 
assumptions and applicability of various 
statistical tests. 
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3. Pertinent topics in mathematics were reviewed, 
in preparation for the derivation of a 
mathematical model for the variability of 
radioactivity measurements. 

C. Objectives and future plans: 
1. To derive a mathematical model for the 

variability of radioactivity measurements 
that will furnish: 
a. The frequency distribution function(s). 
b. The mean, standard deviation and higher 

cumulants. 
c. A method for partitioning procedural 

variability (that not attributable to 
the randomness of disintegration which 
is distributed in a Poisson series) 
into its components. 

2. To apply this model in determining appropriate 
procedures for: 
a. Obtaining confidence intervals. 
b. Statistical test: tests of significance, 

goodness of fit, analysis of variance. 
c. Selection of counting systems, considering 

procedural errors. 
d. Optimum distribution of counting time 

between sample and background, taking 
into account procedural errors. 

3 .  Experimental: Testing the validity of the 
mathematical model using statistical 
criteria of goodness of fit. 

(1) E. Inselberg and J. L. Rosenberg, Plant Physiol. 39 
-9 810 (1964). 



RESEARCH I N  CRYSTALLOGRAPHY 
by 

Truman H. Jordan, NASA Postdoctoral  Fellow i n  Chemistry 

Since I began my research on September 1, no 
r e a l l y  t ang ib le  r e s u l t s  are evident as y e t .  However, 
work i s  progressing on two p ro jec t s .  

One p r o j e c t  i s  the  so lu t ion  of the c r y s t a l  
Since the  compound decomposes i2*Et20* s t r u c t u r e  of H2CO 

a t  -1OOC, t h e  pro l e m  presents  c e r t a i n  experimental  
d i f f i c u l t i e s .  The compound has  been prepared by known 
methods; however, no c r y s t a l s  s u i t a b l e  f o r  x-ray 
a n a l y s i s  have been obtained ye t .  

The o t h e r  p r o j e c t  i s  bui ld ing  a completely 
automated counter  s u i t a b l e  f o r  s i n g l e  c r y s t a l  x-ray 
work. Much of the equipment needed i s  a l ready  a v a i l a b l e  
here i n  the  Crystal lography Laboratory-and I t  is 
merely in need of minor r epa i r s .  Other equipment needed 
w i l l  have t o  be purchased and work i s  proceeding i n  t h i s  
d i r e c t i o n .  



POLYHEDRAL CLATHRATE HYDRATES 

Thomas C ,  W .  Mak, NASA Pos tdoc tora l  Fellow 
i n  Crystallography 

by 

The s t r u c t u r e  of t h e  tetrahydrofuran/hydrogen 
sulphide double hydrate has been determined from t h r e e -  
dimensional s i n g l e  c r y s t a l  da ta .  The a n a l y s i s  onfirmed 
t h e  c l a t h r a t e  host  l a t t i c e  c h a r a c t e r i s t i c  of 17 !i cubic  
( S t r u c t u r e  11) gas hydrates  (1). S t a t i s t i c a l l y  46 
p e r c e n t  of t h e  pentagonal dodecahedra a r e  occupied by 
hydrogen sulphide molecules, whereas t h e  l a r g e r  
hexakaidodecahedral voids  enclose te t rahydrofuran  
molecules which appear t o  undergo f r e e  r o t a t i o n .  

Recently Dr. G .  A .  Je f f rey ,  Dr. R. K .  McMullan 
and I have s tar ted a n  i n v e s t i g a t i o n  on t h e  hydra tes  of 
simple a l i p h a t i c  amines, a remarkable s e r i e s  of c r y s t a l l i n e  
compounds f i rs t  charac te r ized  by Pickering ( 2 )  i n  1893. 
A prel iminary survey of the  c r y s t a l  data i s  i n  progress ,  
and i t  i s  hoped tha t  d e t a i l e d  x-ray ana lyses  of 
r e p r e s e n t a t i v e  members of t h i s  c l a s s  of compounds w i l l  
r e v e a l  s t i l l  f u r t h e r  s t r u c t u r a l  types i n  add i t ion  t o  
those  a l r eady  known f o r  t he  gas hydrates  and t h e  per -  
a l k y l a t e d  ammonium salt hydrates .  

(1) W .  F. C laussen ,  J. Chem. Phys. 19, 259 (1951); M. v. 
Stackelberg and R .  H .  Mfiller, ZTElectrochem. - 58, 

( 2 )  S. U .  Pickering,  T r a n s .  Chem. SOC. 63 - I, 141 (1893). 

25 (1954) i 



THE BEHAVIOR OF HIGH-ENERGY INTERMEDIATES I N  
ORGANIC SYSTEMS 

by 
Jack Pinkus, NASA Postdoctoral  Fellow i n  Chemistry, and 

Theodore Cohen, Associate Professor  of  Chemistry 

I n  our s t u d i e s  on the  behavior of h ighly  r e a c t i v e  
carbonium ions  i n  model systems, w e  were concerned with 
t h e  r e l a t i v e  s tereochemistry o f  the  epimeric c is-2-  
decalylamines and cis-2-decalols  (1). The experimental  
procedures i n v o l v e d a v e  been optimized and the  
i n t e r p r e t a t i o n  of the  experimental r e s u l t s  has led t o  
unambiguous assignments of s tereochemistry of t hese  
amines and a l coho l s .  These conclusions and t h e i r  
consequences, i n  terms of behavior of carbonium ions  
a long  with our method o f  stereochemical assignments, 
have been submitted for publ ica t ion  ( 2 ) .  

During our s t u d i e s  of t h e  amonolysis of t o s y l a t e s  
of t h e  above genera l  type (l), w e  have discovered that  
3f3-tosyloxy-5a-cholestane r e a c t s  w i t h  ammonia t o  form, 
not  only a primary, but a l s o  a secondary amine.  We now 
have adduced some evidence t h a t  t h i s  secondary amine 
arises from a carbonium i o n  intermediate  r a t h e r  than by 
a d i r e c t  displacement mechanism. 

I n  our  e f f o r t s  t o  study the behavior of another  
type of carbonium ion,  we have been involved with +he 
prepa ra t ion  of 3-phenylallylamine. A t  p resent ,  we are 
studying some n f  t.he chemistry of a p o t e n t i a l  p recursor ,  
3-phenylallylisocyanate. WP tn tend  t o  reso lve  t h e  
3-phznylallylamine and use o p t i c a l l y  a c t i v e  amine f o r  
some experlments, i .e. , deamination t o  produce a 
carbonium ion .  T h i s  w i l l  allow us  t o  use the  o p t i c a l  
a c t i v i t y  of the products as one  c r i t e r i o n  of carbonium 
ion  behavior 

(1) J. Pinkus and T. Cohen, F i r s t  Annual Report, 
1 May 1964. 

( 2 )  T. Cohen, M. Malaiyandi, and J. p i n k u s ,  
J .  Org. C h e m . ,  i n  p re s s .  



THE R E A C T I O N  OF ISOCYANIDE SYNTHESIS WITH DIBORANE 

John Tanaka, NASA Postdoctoral  Research Fellow 
i n  Chemistry 

by 

The major p o r t i o n  o f  time between February 1 t o  
J u l y  1 was spent  i n  working o u t  a syn thes i s  f o r  completely 
deu te ra t ed  trimethylamine. The f i r s t  two schemes worked 
o u t  were found t o  be unsa t i s f ac to ry  because of hydrogen- 
deuterium exchanges taking place during the Hoffman 
e l imina t ion  r eac t ion  (1). The t h i r d  scheme has been shown 
t o  y i e l d  completely deutera ted  trimethylamine. Deuterated 
methyl iod ide  was condensed w i t h  deutera ted  ammonia i n  
s i l v e r  oxide and heavy water.  The quaternary ammonium 
deuteroxide which r e s u l t e d  was pyrolyzed t o  y i e l d  deutera ted  
trimethylamine and dimethyl e the r .  The r e a c t i o n  i s  c u r r e n t l y  
being sca l ed  up s o  t h a t  enough ma te r i a l  can be prepared f o r  
t h e  determinat ion of t h e  various phys ica l  p r o p e r t i e s  of 
completely deutera ted  t r i m e t h y l a m i n e .  

Since J u l y  1, 1964, the major po r t ion  of t i m e  has 
been spent  i n  s tudying t h e  reac t ion  o f  diborane w i t h  
phenylisocyanide.  A t  the present  time i t  i s  thought t ha t  
t h e  r eac t ion  involves  an i n i t i a l  adduct formation o f  a 
BH3 group on the carbon of t h e  isocyanide.  
appa ren t ly  undergoes a n  easy hydride s h i f t  t o  form the 

T h i s  adduct 

That t h i s  rearranged product e a s i l y  r e a c t s  with another  

It 
has also been shown t o  e x i s t  I n  a dimeric fo rm by a 
molecular weight determination. 

-.. group has kzen de-,me+-+,od. The st-ructure of the 
m o  3 oadduct i s  c o n s i s t e n t  w i t h  i t s  i n f r a r e d  spec t r a .  

A s h o r t  paper (Thin-Walled Pyrex C a p i l l a r i e s  f o r  
S ingle-Crys ta l  X-ray Di f f r ac t ion  of Pyrophoric Compounds) 
r e s u l t e d  from work done between September 1963 and January 
1964 (2). 

(1) J. Tanaka, F i r s t  Annual Report, 1 May 1964. 

( 2 )  J. Tanaka and E .  L. Amma, Review of S c i e n t i f i c  
Instrument - 35, 634 (1964). 



INVESTIGATION OF THE SCATTERING OF SEISMIC WAVES 
FROM GEOLOGIC DISCONTINUITIES 

Walter Pilant, Associate Professor of Geophysics 
by 

The calibration of the direct digitization 
facilities of the model seismic laboratory has been 
completed. There are some problems associated with 
vertical and horizontal amplifier drift in the 
oscilloscope which manifests itself as a limitation 
upon the accuracy in amplitude and time delay. However, 
the accuracy obtainable at present is comparable with 
that obtained by manual methods of reading photographic 
records of the oscilloscope trace which have been used 
previously. The time saving in this method (compared 
to manual digitization) is approximately ten to one and 
operator inaccuracy is considerably reduced. 

The first problem selected was the completion of 
the work on reflection and transmission coefficients of 
Rayleigh waves around an edge. Previous work at another 
institution had given experimental values for included 
angles of solid material ranging from 40' to 180'. The 
work is now being extended to angles from 1800 to 270°. 
Theoretical first approximations have indicated symmetry 
about 180°, and the accuracy of these approximations is 
to be investigated experimentally. 

This particular problem is the simplest 
conceptual model of the effects of the earth's topography 
upon seismic surface waves, and is related to the larger 
problem of the effects of continental margins and 
mountain ranges upon the propagation of surface waves 
on the earth. It is hoped that from these investigations 
some diagnostic techniques may be developed which will 
aid in the quantitative determination of some of the 
parameters of these tectonic irregularities of the 
earth's crust. 

The direct digitization techniques are particularly 
applicable to the determination of l o s s  mechanism in 
rock and other crystalline materials. 
of the determination of the reflection and transmission 
coefficients mentioned above, a number of measurements 
will be made in this area to establish whether a 
significant improvement can be made in the determination 
of l o s s  and l o s s  mechanisms in such materials. 

At the completion 



EARTH SCIENCES OBSERVATORY AND EQUIPMENT 

Ralph Wyckoff, Professor  of Geophysics 
by 

Progress  has been made i n  secur ing  a s i t e  f o r  use 
as an observatory for seismic,  earth t ides ,  magnetics and 
poss ib ly  o t h e r  phenomena of importance i n  e a r t h  science 
s t u d i e s .  The proposed f a c i l i t y  i s  an abandoned "Nike" s i t e  
bu t  necessary bu i ld ing  modif icat ions were delayed f o r  
months u n t i l  p roper ty  t r a n s f e r  nego t i a t ions  could be 
completed. P resen t ly  we are awaiting connections t o  power 
l i n e s  and, a d d i t i o n a l l y ,  hea t  and con t ro l  f a c i l i t i e s  must 
be added s ince  the  military r ecen t ly  and unexpectedly 
removed t h e  a i r cond i t ion ing  i n s t a l l a t i o n  without which 
the bu i ld ing  i s  untenable.  A s  soon as poss ib l e ,  i n s t r u -  
ments w i l l  be i n s t a l l e d  t o  tes t  the  s u i t a b i l i t y  of the  s i t e  
for t he  proposed f u t u r e  operat ions.  I n  p a r t i c u l a r  the  
ambient noise  l e v e l  o f  s e i s m i c  d i s turbance  must be de t e r -  
mined before  any investment i n  a s u i t a b l e  underground 
v a u l t  can be made. 

Seismic Tests 

These pre l iminary  seismic t es t s  w i l l  be made 
wi th  the ins t ruments  placed on the  concrete  f l o o r  of 
t h e  small Nike Control bu i ld ing  which u l t i m a t e l y  w i l l  
house t h e  recording equipment. The f l o o r  slab appears t o  
be s o l i d l y  based and adequate f o r  pre l iminary  tests.  The 
fol lowing seismograph instruments are p r e s e n t l y  available: 

1 - Benioff s h o r t  p e r i o d  v e r t i c a l ,  v a r i a b l e  re luc tance  

2 - Wenner ho r i zon ta l  pendulums, recondi t ioned.  
type. 

S u i t a b l e  long and s h o r t  per iod  galvanometers 
t oge the r  w i t h  photo recording drums are a v a i l a b l e  
t o  complete t h e  i n s t a l l a t i o n .  

Should t h e  s i t e  prove s a t i s f a c t o r y  more modern 
equipment i s  contemplated. 

E a r t h  Tide Equipment 

gravimeter  has been on o rde r  f o r  some six months and the  
manufacturer r e p o r t s  good progress .  
f o r  prolonged observa t ion  of performance a t  the f a c t o r y  
i t  w i l l  probably be March o r  Apr i l  1965 before  d e l i v e r y  
can be expected. Se lec t ion  o f  t h i s  instrument  i s  based 
on the proven performance of s eve ra l  u n i t s  t h a t  have produced 
e x c e l l e n t  r e s u l t s  a t  o t h e r  observa tor ies .  The instrument  
w i l l  be equipped f o r  d i g i t i z e d  output  t o  f a c i l i t a t e  computer 
a n a l y s i s  of the  data. 

Gravimeter - A LaCoste-Romberg "Microgal" recording 

Because of t h e  n e c e s s i t y  
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We a r e  not  s e r i o u s l y  concerned about t he  s u i t -  
a b i l i t y  o f  t he  s t a t i o n  s i t e  f o r  t h i s  gravity-measuring 
device.  

T i d a l  T j l t  Meters - We have on hand two new a l l -  
qua r t z  ho r i zon ta l  pendulums of Royal Observatory of Belgium 
design and conskruction as used ex tens ive ly  worldwide by 
earth-tide observa tor ies .  A suspension f i b r e  i n  one 
instrument ,  broken i n  t r a n s i t ,  w i l l  r equi re  r e p a i r ,  o ther -  
wise the equipment i s  complete wi th  o p t i c a l  recorders  and 
c a l i b r a t i n g  devices .  

The extreme s e n s i t i v i t y  o f  t ida l  tilt meters w i l l  
preclude s a t i s f a c t o r y  use i n  any prel iminary tests and 
poss ib ly  even i n  an underground v a u l t  on t h i s  s i t e  bu t  
t h i s  type of equipment must be a v a i l a b l e .  A s a t i s f a c t o r y  
s i t e  usua l ly  involves  an underground s t a t i o n  i n  a massive 
rock formation. 

Magnetics - While magnetic observa t ions  a r e  n o t  
inc luded  i n  immediate p l ans  we w i l l  have a v a i l a b l e  s u i t a b l e  
record ing  f lux-ga te  magnetometers t o  t e s t  the s i t e  f o r  
c u l t u r a l  no ise  down t o  the  f r a c t i o n a l  g a m m a  range. The 
s i t e  should c e r t a i n l y  be s a t i s f a c t o r y  f o r  normal magnetic 
v a r i a t i o n  observa t ions  b u t  some micro-pulsation s t u d i e s  
might be desired. 

Experimental S tudies  - T i d a l  tilt meters a r e  
customari ly  designed f o r  o p t i c a l  recording only and 
I^- U C G ~ U S S  ^^.. of t he  na ture  
they a r e  not  amenable t o  d i r e c t  d i g i t a l  recording. 
However, i n  common w i t h  t i da l  g r a v i t y  data, machine 
a n a l y s i s  i s  h ighly  des i r ab le .  
work has been done t o  determine the  p r a c t i c a b i l i t y  o f  a 
compact p h o t o - e l e c t r i c a l l y  a c t i v a t e d  servo system t o  
convert  a light-beam d e f l e c t i o n  i n t o  an e l e c t r i c a l  s i g n a l  
amenable t o  d i g i t a l  recording. 

sf t h e  h o r i z n n t a l  pendulum design 

Accordingly some l abora to ry  

The experimental  s e t u p  exh ib i t ed  no s t a b i l i t y  
problems and the  na ture  of the system e l imina te s  t o  a 
high degree e r r o r s  due t o  normal v a r i a t i o n s  i n  l i g h t  
i n t e n s i t y  and a m p l i f i e r  gain.  F ina l  eva lua t ion  r e q u i r e s  
t e s t s  on a u n i t  designed f o r  a s p e c i f i c  app l i ca t ion ,  bu t  
t h e  system appears to be a p p l i c a b l e  from the  very long 
pe r iods  involved i n  t ida l  observat ions t o  pe r iods  of  one 
second or less as encountered i n  t e l e se i smic  observat ions.  



GENERAL RELATIVITY 
by 

Alan  H.  Thompson, Assistant Professor  of Mathematics 

The group whose work is here  repor ted  c o n s i s t s  of 
myself and two research  s tudents ,  M r .  R.  Reynolds and 
Mr. R.  Roman. Dr. G .  Williams (Univers i ty  of F lor ida)  
also worked wi th  the group f o r  two months during the per iod 
covered by t h i s  rep0i-t (See h is  r e p o r t ) .  

M r .  Reynolds and Mr. Roman have continued t h e i r  
p r o j e c t s  ou t l i ned  i n  t h e  l a s t  r e p o r t .  

My work has been concerned with t h e  g e n e r a l i s a t i o n  
of r e s u l t s  a l r eady  obtained f o r  t ime- l ike  Conformal 
K i l l i n g  Vectors t o  t ime- l ike  congruences of curves which 
a r e  r e s t r i c t e d  only by the f a c t  t h a t  they  do not shear .  
The phys ica l  d e s c r i p t i o n  of such curves is that  of a 
r e l a t i v i s t i c  f l u i d  moving i n  such a way tha t  a f l u i d  
element has the freedom t o  expand and r o t a t e  but not t o  
d i s t o r t  i t s  shape. 

Abstract  : 

We cons ider  t h e  space-time of r e l a t i v i t y - - a  normal 
hyperbol ic  Riemannian 4-Dimensional Space V4 of s igna tu re  +2. 
The met r ic  is supposed t o  be given by gab; and there 
e x i s t s  a t ime- l ike  congruence of curves de f ined  by the 
cont ra -var ian t  v e c t z r  field tia> which is non-shearing, 

i .e . ,  gabuaub = -1 and -L u = 0 .  

Here the symbol 
i n d i c e s  by t h e  opera tor  hab = Sab + U a U  and T ( a b l  = 
1/2 (Tab + Tba). I n  terms of  the Lie Derivat ive t h  s 
r e s t r i c t i o n  can be w r i t t e n  

denotes pro jec t ion  06 a l l  following 

where 8 = ua;a is the  expansion of the congruence. The 
ob jec t  of t h e  research  i s  t o  f i n d  t h e  i n t e g r a b i l i t y  
cond i t ions  f o r  the equation (l), analogous t o  those  found 
by P i r a n i  and Williams f o r  Rigid Motion, i . e . ,  f o r  the 
equat ion 

Note: - [ A  r i g id  motion i s  a non-expanding shear-free motion] 
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The method of approach involves  a t ransformation 
t o  a c e r t a i n  space y4 which i s  conformal t o  t h e  ~4 under 
cons idera t ion ;  e .g . ,  if gab i s  the  met r ic  t e n s o r  of v4 then 

@;ab 
27cI 

= e gab 

We a s s o c i a t e  the congruenceaa E -a- congruence ua: 
41, tha t  i s  3 i s  t h e  u n i t  tangent t o  a time-like congruence 
of curves i n  v4. We note t h a t  the q u a n t i t i e s  of shea r  and 
r o t a t i o n  (1, U[a;b]) are r e l a t i v e  Lnvariants  under conformal 
transformataons; i . e . ,  i f  'ab and 'ab represent  t h e  shear 
of ua and u 

wi th  the o r i g i n a l  - 
u = e h a ,  u = e - k a ,  and hence i n  fj4 u ua = 

r e spec t ive ly  then 

'ab = 
3 

e 'ab 

Thus the  "shear-free"  q u a l i t y  of a congruence i s  preserved 
under conformal t ransformations.  T h i s  does not hold 
f o r  t h e  expansion and we can always f i n d  a q4 and 3 
conformal t o  the  given V4 and ua such that i t s  expansion 
vanishes .  We are thus  ab le  t o  a s s o c i a t e  w i t h  a shear-free 
congruence, a r i g i d  congruence under a conformal 
t ransformat ion .  By t a k i n g  t h e  conformal t ransformation 
of the known i n t e g r a b i l i t y  condi t ions f o r  a r ig id  motion 
we hope t o  genera te  those f o r  equation (1) and thus  be i n  
a p o s i t i o n  t o  d i scuss  such quest ions as the conformal 
g e n e r a l i s a t i o n  of t h e  Herglotz-Noether Theorem. 

A f u r t h e r  t o p i c  under d iscuss ion  i s  that  of a 
- - * - a  r l r  " h C 4  ".c. (*Q space-tirne W l i l G K l  a a c I A u A A b . u  t h e  r e l a t i o n  

where R a  cd i s  t h e  Curvature Tensor of t h e  Space and 
K e  f i s  a two-index t enso r  f i e l d .  T h i s  i s  a 
g e n e r a l i s a t i o n  of Ruse s "Spaces of Recurrent Curvature, I'  

and such spaces s a t i s f y  ( 2 ) .  It would be i n t e r e s t i n g  t o  
see  i f  t h e r e  a r e  any more such spaces which do not have 
Recurrent Curvature : 

Preliminary r e s u l t s  a r e  that  Kef must be a 
symmetric t enso r ,  and tha t  if t h e  space i s  a n  E i n s t e i n  
Space [Rab = 1/4 N a b ]  then the s c a l a r  curvature  R of the 
space must be zero and it i s  thus  a s p e c i a l  E ins t e in  Space, 



GENERAL RELATIVITY 
by 

Gareth W i l l i a m s ,  V i s i t i n g  Associate  P ro fes so r  
of Mathematlcs (Apr i l  16, 1964, t o  June 15, 1964) 

A series of l e c t u r e s  was given t o  the Pittsburgh 
r e l a t i v i t y  group on "Rigid and Related Motions I n  a 
G r a v i t a t i o n a l  Field." The c l a s s i c a l  d e f i n i t i o n  of 
r i g id i ty  that Euclidean distance between any two p o i n t s  
be Independent of time was shown t o  break down i n  the  
Spec ia l  Theory of R e l a t i v i t y  and hence i n  the Genera l  
Theory a l s o .  

A d e f i n i t i o n  of r i g i d i t y  i n  Minkowskian space-time, 
based on the  concept of d i s t ance  between neighboring 
p a r t i c l e s  was proposed, first by Born (1) and has since 
been discussed by Herglotz (2 and Noether ( 3 ) ,  Synge (4), 

According t o  t h i s  d e f i n i t i o n ,  a body i s  c a l l e d  r igid i f  
the d i s t a n c e  between every neighboring p a i r  of p a r t i c l e s ,  
measured orthogonal t o  the world-line of either of them, 
remains constant  along the world-line. The equations of 
r igid motion were de r ive4  and by using a speeial f i g i d  
coord ina te  system the in tegrabi l i ty  condi t ions  were 
ob%ained. 

Rosen (5), Salzman and Taub ( li ), P i r a n i  and Williams (7). 

Consequences of the I n t e g r a b U i t y  conditaone 
were discussed.  It was shown that the angular  v e l o o i t y  
of a heavy pigid body must be cons tan t .  
was a l s o  shown t o  apply t o  a r igid t e s t  body. 

The same r e s u l t  

The Herglotz-Noether Theorem that i n  flat spaoe- 
time every r o t a t i n g  rigid motion i s  Isometr ic  was der ived  
and extended t o  spaces of constant curva ture .  T h a t  the Herglotz- 
Noether Thearem does not  hold f o r  arbitrary space-time8 
was shown by cons t ruc t ing  a transformation of space and 
of motion that  v i o l a t e d  the isometr ic  condi t ion  without 
a n n i h i l a t i n g  the angular  ve loc i ty .  

The s e r i e s  was concluded with a d i scuss ion  of 
non-ro ta t ing  r ig id  bodies.  It was shown that such a 
motion i s  i sometr ic  i f ,  and only i f ,  the  metric i s  s ta t ic ,  

* * *  
P o s s i b i l i t i e s  of extending the Herglotz-Noether 

Theorem t o  Homothetic Motions (8) and Conformal Motions 
were discussed with Professor  Thompson and h i s  colleagueu. 
Pre l iminary  i n v e s t i g a t i o n s  have shown a l l  Conformal 
Motions, and hence all Homothetic Motions t o  be shear-free, 
I n  a space of' constant  ourvat ive ( o t h e r  t h a n  Flat Space) 
a l l  Homothetic Motions were found t o  be isometric. As an 



Gareth Williams 
Page 2 

analogue t o  r i g i d  motion, a motion r e s t r i c t e d  by the 
condi t ion  of having t o  s a t i s f y  the homothetic condi t ion  
i n  the three-dimensional space orthogonal t o  the world- 
l i n e  was i n v e s t i g a t e d .  It was found that such a motion 
when expansion-free degenerated i n t o  a r i g i d  motion. 

* * *  
The p o s s i b i l i t y  of  c l a s s i f y i n g  four-dimensional 

spaces of s igna tu re  +2 wi th  corresponding geodesics  was 

two spaces,  the t r a c e - h e e ,  symmetric, second-order t e n s o r  

g fie e igenvec tors  f o r  kab, %r [31] ana ~211.1 were used t o  
cons t ruc t  a quasi  orthonormal tetrad. The case i n  which 
the elementary d i v i s o r s  of 1 L  b - )gab/ = 0 are simple 
has been considered by Eisenhgrt .  
Space of s igna tu re  +2, the remaining cases  are those f o r  
which the Segng c h a r a c t e r i s t i c s  of Lab a r e  [31], [211], 
t oge the r  wi th  t h e i r  subcases [(31)], e t c .  I n  the  [3l] 
case the n u l l  e igenvector  i s  shown t o  be expansion-free,  
geodet ic ,  shear - f ree  and i r r o t a t i o n a l .  The space- l ike 
e igenvec tor  i s  found t o  be geodetic,  i r r o t a t i o n a l  bu t  
no t  expansion-free nor  shear-free. A similar i n v e s t i g a t i o n  
of the e igenvec tors  f o r  the 12111 case i s  underway. 
From the t e t r a d  the met r ics  w i l l  be constructed and 
the i r  p r o p e r t i e s  discussed.  

ated. A quasi  orthogonal ennuple as def ined  by 
was used. ha and gab being the me t r i c s  of the 

L b W a s  def ined  by La = h - 1/4 he; b y  h = gabhabe 

For a Riemannian 
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ATOMIC COLLISION PROCESSES 
by 

W.  L. F i t e ,  P r o f e s s o r  of Physics,  
R .  T. Brackmann, Research Ass is tan t  Professor  of  Physics 

and E l e c t r i c a l  Engineering, and 
W. R .  Henderson, NASA Postdoctoral  Fellow i n  Physics 

Heavy Ion Co l l i s ions  

During the  past s i x  months the  p r i n c i p a l  a c t i v i t y  
has been the  measurement of  charge t r a n s f e r  and e l e c t r o n  
s t r i p p i n g  cross -sec t ions  i n  c o l l i s i o n s  between Al+ i ons  
and atmospheric gases,  a t  energ ies  i n  the  100 kev range. 

I n t e r e s t  i n  t h i s  problem o r i g i n a t e s  from ques t ions  
p e r t a i n i n g  t o  the dura t ion  o f  entrapment of d e b r i s  i n  the 
magnetic f i e l d  of t h e  e a r t h .  The debris  might  come e i t h e r  
f rom nuclear  weapons or f r o m  propuls ive devices  which emit 
e n e r g e t i c  heavy ions .  While a g r e a t  deal of work on charge 
t r a n s f e r  involving very l i g h t  i o n s  and i o n s  of the i n e r t  
gases, many quest ions ar ise  i n  connection w i t h  heavy m e t a l l i c  
i ons ,  for here the  f i r s t  and second i o n i z a t i o n  p o t e n t i a l s  
a r e  small and one might expect i o n  s t r i p p i n g  t o  a much more 
prominent competitor w i t h  charge t r a n s f e r  n e u t r a l i z a t i o n  
than  i n  the  i n e r t  gas i o n  case. 

The program o f  measurements involves  the use of 
t h e  500 kev Van de Graaff machine of P r o f .  Donahue and 
the  new two-stage vacuum system and accompanying modulated 
beam e l e c t r o n i c s  which was constructed by r i t e  alzd 
Brackmann a f t e r  a r r i v a l  a t  P i t t .  The experiments are 
conventional f as t -par t i  c l e  de t ec t ion  experiments. 

I n  May the case o f  Al+ i o n s  a g a i n s t  Ar, N 2  and O2 
came under d i r e c t  experimental s tudy  and measurements 
were made o f  the  charge n e u t r a l i z a t i o n  c ros s - sec t ions  of 
s i n g l y  charged i o n s , d  10, t he  charge s t r i p p i n g  cross- 
sect ions, ,s  12 and t o t a l  neu t r a l  loss cross-sec t ions  cx, - 

(which occurs  p r i n c i p a l l y  through s t r i p p i n g  of an e l e c t r o n  
from the  n e u t r a l ) .  
about t he  angular  de f l ec t ions  su f fe red  i n  charge changing 
c o l l i s i o n s .  The energy range has been 50 kev to 500 kev. 

Some information was also obtained 

Generally t h e  experiments have borne o u t  the 
suspic ions  t h a t  s t r i p p i n g  of t h e  i o n  i s  much more prominent 
than  i n  the  cases  of non-metall ic ions ,  and t h a t  the  
equi l ibr ium f r a c t i o n s  of fas t  A1 pass ing  through normal 
gases would contain s u b s t a n t i a l l y  more s i n g l y  and doubly 
charged components than n e u t r a l  component. 

The cross -sec t ions  have been c o l l e c t e d  with lower 
energy cross -sec t ions  f o r  the same r e a c t i o n s  and have been 
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summarized i n  General Atomic Report GA 5518. (The measure- 
ment of these  c ros s - sec t ions  i s  done a t  P i t t  under con t r ac t  
with General Dynamics/General Atomic, which has  a prime 
con t r ac t  f rom A i r  Force Weapons Laboratory f o r  the over- 
a l l  program o f  measurement. ) 

I n  more r ecen t  times, p repa ra t ions  have been 
made f o r  repea t ing  the  same t y p s o f  measurements, bu t  
w i t h  the  primary i o n  being Fe+ 
source has been constructed (pr imar i ly  by Mr. W i l l i a m  Ott, 
a graduate student;) and t e s t ed ,  and i s  c u r r e n t l y  being 
used f o r  the  c ross -sec t ion  measurements. It i s  planned 
t h a t  following the  measurements using i r o n  ions ,  t he  
program w i l l  move next  to uranium ions .  

A s a t i s f a c t o r y  i r o n  ion  

Hydrogen Atom C o l l i s i o n s  

For the  p u r s u i t  o f  a s e r i e s  of very d i f f i c u l t  
measurements on c e r t a i n  c o l l i s i o n  cross- s e c t i o n s  involving 
hydrogen atoms as one o f  the  c o l l i d i n g  p a r t i c l e s ,  a proposal  
had been s u b m i t t e d  to t h e  National Science Foundation 
las t  spr ing .  We r e c e n t l y  received word t h a t  a g r a n t  has  
been given for t h i s  work. Unfortunately,  because of 
t i g h t n e s s  o f  funds the  amount of t he  g ran t  w i l l  no t  enable 
us  to cons t ruc t  the  highly soph i s t i ca t ed  modulated atomic 
bear.-  machine t h a t  w i l l  be required f o r  t h e  most  d i f f i c u l t  
(and i n t e r e s t i n g )  o f  the  measurements we d e s i r e  to at tempt .  
f l~wever ,  this i n i t i a l  grant vi31 enable us  to cons t ruc t  
some o f  the spec ia l i zed  equipment, and w i l l  permit  a 
l i m i t e d  program of hydrogen atom c o l l i s i o n  cross- s e c t i o n  
measurements t o  be g o t t e n  under way. Because of i nc reas ing  
i n t e r e s t  i n  metastable  hydrogen atom i n  the  2s s t a t e ,  
both from the  p o i n t s  o f  view o f  b a s i c  theory and o f  
a s t rophys ic s ,  we c u r r e n t l y  i n c l i n e  i n i t i a l l y  to emphasize 
work involving the  metastable H atom. 

Currently,  d e t a i l e d  design of those p o r t i o n s  of 
equipment which can be constructed and procured under the  
i n i t i a l  NSF g r a n t  i s  the m a j o r  a c t i v i t y  i n  t h i s  program. 

Co l l i s ions  with Kxcited Molecules 

I n t e r e s t  i n  studying c o l l i s i o n s  w i t h  e x c i t e d  
molecules o r i g i n a t e d  w i t h  t h e  observat ion by F i t e  and 
Brackmann about 1 1/2 yea r s  ago t h a t  i f  02 i s  heated to 
around 2O0O0K, i t s  c ross -sec t ion  f o r  forming 0- through 
t h e  process  e + 02- 0 + 0- appeared to i nc rease  and the  
dependence on energy seems t o  change dramat ica l ly .  The 
presumption i s  t h a t  upon heating, the  O2 becomes p a r t i a l l y  
e x c i t e d  and what was being observed was a s t r i k i n g  d i f fe r -  
ence between the  c o l l i s i o n  p r o p e r t i e s  of ground state and 
e x c i t e d  molecules. 
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A t  the  time of t he  i n i t i a l  experiment, there was 
no way t o  d i sce rn  what type of e x c i t a t i o n  ( i . e . ,  e l e c t r o n i c  
or v i b r a t i o n a l - r o t a t i o n a l )  was respons ib le  for t h e  e f f e c t .  
However, if the  experiment were t o  be repeated using an 
e l e c t r o n  gun w i t h  a very narrow energy spread, t h e  prognosis  
i s  good t h a t  the  a c t u a l  s t a t e s  involved i n  the e f f e c t  
could be i d e n t i f i e d .  

To t h i s  end D r .  Watson R. Henderson, who a r r i v e d  
as a pos tdoc tora l  fe l low from the  Universi ty  of  Texas i n  
September, i s  cons t ruc t ing  the requi red  monoenergetic 
e l e c t r o n  gun. It i s  a sphe r i ca l  ana lyzer  type.  

T h i s  experiment w i l l  involve using the  two-stage 
vacuum chamber which i s  cu r ren t ly  i n  use i n  the heavy i o n  
c o l l i s i o n  program. A beam of heated 0 2  (and o t h e r  gases) 
w i l l  be formed and modulated, and the  e l e c t r o n  beam w i l l  
c r o s s  the molecular beam. Ions formed i n  the c o l l i s i o n s  
w i l l  be analyzed u s i n  a rf quadrupole mass f i l t e r  (which 
i s  near ing completion P . The experiment i s  a s t ra ight -  
forward a p p l i c a t i o n  of modulated beam mass spectrometry 
and should y i e l d  e a r l y  (as well as exceedingly i n t e r e s t i n g )  
r e s u l t s .  

We have received r e l i a b l e  although informal  word 
t h a t  t h i s  work w i l l  be supported by the  Defense Atomic 
Support Agency of t h e  DOD through the  Army Research Office,  
Durham. 



ATOMIC PHYSICS - THEORETICAL 
by 

Edward Gerjuoy, Professor  o f  Physics 

During the  p a s t  s i x  months, I have prepared and 
submitted f o r  publ ica t ion  t o  the A n n a l s  of Ph s i c s  a 
l o n g  paper, "Multi-Wave P r o p a g a t i m  
which may have a bear ing on the propagation of whistlers 
i n  t he  atmosphere; wh i s t l e r s  a r e  electromagnetic waves 
of  very l o w  frequency which propagate i n  the ionospheric  
plasma and a r e  bel ieved t o  be generated by l i g h t n i n g  
d ischarges .  For t he  foreseeable  f u t u r e ,  I plan t o  
cont inue working on the  t h e o r e t i c a l  p red ic t ion  of 
var ious r eac t ion  r a t e s  r.elevant t o  understanding of  
upper atmos2heric phmomena. I n  p a r t i c u l a r ,  I expect 
t o  work on developing new procedures ( v a r i a t i o n a l  and/or 
modified Fredholm i n t e g r a l  techniques) f o r  computing 
such r eac t ion  r a t e s .  During the next few months, I w i l l  
be working on a review paper "Electron-Atom and Elec t ron-  
Molecule S c a t t e r i n g  Theory Circa 1964,'' which I have 
been i n v i t e d  t o  p rz sen t  a t  the December, 1965, New York 
meeting of the American Physical Society.  



MEASUREMENTS OF CHARGE EXCHANGE 
AND 

I O N I Z A T I O N  CROSS SECTIONS 
by 

Kotu Lul la ,  NASA Postdoctoral  Fellow i n  Physics 

The fol lowing r e p o r t  covers work done i n  t he  
l abora to ry  of Professor  T. M. Donahue i n  t he  Department 
o f  Physics,  Space Research Coordination C e n t e r ,  
Univers i ty  of P i t t sburgh ,  s ince  Ju ly ,  1964. 

Elec t ron  Loss  

The products of c o l l i s i o n  l e f t  behind when atomic 
hydrogen beam of 5-50 kev t r ave r ses  CO gas have been 
analyzed with a quadruple mass spectrometer of mass 
r e s o l u t i o n ,  of 1/60. 0' and CO+ are the  only i ons  
found i n  abundance. This suggests  t h a t  t h e  main e l e c t r g n  
loss process i s  

T' 

H + C O - + @  + C* + 0- 

where n e u t r a l  C atoms may be l e f t  i n  the ground o r  
e x c i t e d  s t a t e .  The o the r  poss ib l e  process  for e l e c t r o n  
loss i s  

H +  C O + H + +  C* + O* + e 

The simultaneous measurenient o f  001 c ross  s e c t i o n  and 
mass a n a l y s i s  w i l l  enable us  t o  determine the  processes  
r e spons ib l e  f o r  s t r u c t u r e  i n  001 curve as a func t ion  of 
energy.  (1) . 

I n  the  near f u t u r e  we plan t o  conduct similar 
s t u d i e s  f o r  gases  such as 02, H2, e tc .  

Charge Exchange 

of charge exchange i n  H ( 3 O  kev) + & (50 - 400 kev) 
c o l l i s i o n s  i s  progressing.  The high current-duo- 
plasmatron ion source and goo benQing magnet provide 
mono ene rge t i c  proton beam of 10-30 kev. The sea rch  
f o r  a good donor gas for converting protons t o  H atoms 
wi th  minimum pumping requirements i s  underway. 
Prel iminary r e s u l t s  i n d i c a t e  50$ conversion f o r  20 kev 
protons w i t h  a lka l i  vapor ( K ) .  
c r o s s  the  n e u t r a l  atomic hydrogen beam w i t h  a beam of a 
400 kev proton Van de Graaff a c c e l e r a t o r .  

The cons t ruc t ion  of the apparatus  f o r  t h e  s tudy 

The next  s t e p  will be t o  

(1) D. V. Phil ipenko and Y a .  M .  Fo e l ,  J .  Expt l .  Theoret. 
Phys. (U.S.S.R.) - 42, 936 (19627. 



THERMOLUMINESENCE I N  QUARTZ 

M. Schlesinger ,  NASA Postdoctoral  Fellow i n  Physics 
by 

In t he  at tempt  t o  gain a be t t e r  understanding 
of the thermoluminescent phenomena i n  quartz ,  the technic  
of  r e -exc i t a t ion  by U . V .  l i gh t  was applied,  along with 
parallel  optical-EPR measurements. 

Some of the r e s u l t s  are b r i e f l y  summarized i n  %he 
fol3owlng a b s t r a c t s  of two papers t o  be presented  a t  the 
American Physical  Soc ie ty  meeting t ak ing  p l a c e  i n  Chicago 
dur ing  November, 1964. 

The measurements h i t h e r t o  were c a r r i e d  ou t  for  
temperatures above l i q u i d  ni t rogen temperature.  It I s  
planned, however, t o  extend them below tha t ,  down t o  
l i q u i d  helium temperature.  The thermal a c t i v a t i o n  energies 
of traps respons ib le  f o r  some of the glow peaks were 
determined by the so-ca l led  " I n i t i a l  Rise" method. 

1. Re-Excitation of G l o w  Peaks i n  the Glow-Curves o f  Quartz 

I l lumina t ion  with monochromatic l i g h t  i n t o  var ious  
co lor -center  absorpt ion bands of quar tz  a t  l i q u i d  n i t rogen  
temperature LNT) af ter  previous x - i r r a d i a t i o n  a t  room 
temperature t RT) r e -exc i t e s  some glow peaks o f  the ''usual'' 
glow-curve i n  the r e g i o n  between LNT and RT. Re-exci ta t ion 
can also be performed f o r  peaks above the temperature a t  
which the c r y s t a l  was X-irradiated. T h i s  can be done 
a f t e r  previous ly  r a i s ing  the temperature above that  of the 
peak t o  be r e -exc i t ed .  A p l o t  of r e -exc i t i ng  e f f i c i e n c y  
vs.  wavelength follows, f o r  Ge-doped c r y s t a l s ,  t h e i r  
absorp t ion  i n  t h e  v i c i n i t y  of the 2: 280 m p  absorpt ion band. 
I l l umina t ion  i n  the s 450 n y ~  "aluminum" band causes no 
r e - e x c i t a t i o n .  
f o r  c r y s t a l s  doped with various impur i t i e s  and under 
var ious condi t ions .  The present  work shows t h a t  the 
e f f e c t  i s  a n  e f f i c i e n t  means f o r  r e so lv ing  absorpt ion 
bands in t roducted  by x - i r r ad ia t ion  which were h i t h e r t o  
unresolved i n  usua l  absorption measurements. It also 
adds t o  the understanding of the thermoluminescent 
process i n  quar tz .  

The e f f e c t  has been i n v e s t i g a t e d  i n  de ta i l  

2. E f f e c t s  of Heating on Color Centers in Germanium-Doped 
Quartz 

(Frank 3. Fe ig l ,  M. Schlesinger ,  and John H. Anderson.) 

Thermoluminescence, l i gh t  absorpt ion,  and e l e c t r o n  
s p i n  resonance (ESR) have been measured i n  X-irradiated, 
germanium-doped quar tz  c r y s t a l s  having three d i f f e r e n t  
compositions.  The phenomena were found t o  be c o r r e l a t e d  
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i n  the following sense: Maxima of (1 thermoluminescence 

and ( 3 )  decay r a t e  of t he  A and C ESR l i n e s  occur a t  the 
same temperature. 
and 4600K f o r  the  t h i r d .  Op t i ca l  data were obtained by 
making a series of rap id  scans of the spectrum while hea t ing  
the sample a t  the same rate used f o r  glow curves.  The 
r e l a t i o n  dA/dT u I, where A i s  absorpt ion a t  280 mp, T 
temperature, and I thermoluminescence i n t e n s i t y ,  i s  
approximately satisfied.  Op t i ca l  and ESR r e s u l t s  s t rengthen  
the hypothesis  (1) t h a t  both are due t o  e l e c t r o n s  trapped 
a t  s u b s t i t u t i o n a l  G e  atoms. Their  c o r r e l a t i o n  wi th  
thermoluminescence supports  the suggestion (2 )  that 
thermoluminescence r e s u l t s  from re l ease  of e l e c t r o n s  from 
Ge c e n t e r s  which then  recombine with ho le s  a t  A 1  s i t es .  

i n t e n s i t y ,  ( 2 )  bleach r a t e  o f  the  = 2 B 0 m p  absorp t ion  band, 

T h i s  temperature i s  600°K f o r  two c r y s t a l s  

(1) 

(2) 

J. H. Anderson and J. A. Weil, J. Chem. Phys. - 31, 427 

M. Schlesinger ,  Phys ica l  Review Letters - 10, 49 (1964). 

(1959) 



LABORATORY STUDIES ON COLLISION PROCESSES 
OF 

AERONOMIC INTEREST 
by 

Edward C .  Zipf ,  J r . ,  Ass is tan t  Professor  o f  Physics 

The A 3 +  & s t a t e  i s  the  lowest exc i ted ,  e l e c t r o n i c  
s t a t e  o f  n i t rogen .  R a d i a t i v e  t r a n s i t i o n s  f rom the  
l e v e l s  o f  t h i s  s t a t e  t o  the  ground s t a t e  a r e  forbidden by 
a s p i n  s e l e c t i o n  r u l e  and, as a consequence, t h e  s t a t e  i s  
metastable  w i t h  a r a d i a t i v e  l i f e t i m e  o f  s eve ra l  seconds 
(l), (3 ) ,  (4), ( 6 ) .  I n  s p i t e  o f  t h i s  comparatively long 
r a d i a t i v e  l i f e t i m e ,  ni t rogen molecules i n  t he  
metastable  A 3 <  s ta te  a r e  s u f f i c i e n t l y  abundant i n  most 
au ro ras  and some l abora to ry  discharges s o  tha t  they can 
be de t ec t ed  through o b s e r v a t i o n  o f  the  forbidden Vegard- 
Kaplan bands,  

The b r i g h t e s t  bands o f  t he  Vegard-Kaplan system a r e  
emi t ted  i n  t he  u l t r a v i o l e t  region of t h e  spectrum and 

i n  t he  au ro ra l  spectrum 

The processes  by which ni t rogen molecules i n  t he  
A 3 q  s t a t e  a r e  destroyed i n  an aurora  have been s t u d i e d  i n  
cons iderable  d e t a i l  i n  t he  labora tory  ( 5 ) ,  ( 6 ) ,  ( 7 ) ,  (8) .  
Dur ing  the  per iod covered by t h i s  r e p o r t  w e  have been 
p a r t i c u l a r l y  concerned w i t h  the  p o s s i b i i i t y  of ii 
quadra t i c  loss mechanism (metastable-metastable 
c o l l i s i o n s )  involv ing  N2(A3.Z$) molecules. 
a n a l y s i s  of a l i m i t e d  amount of  l abo ra to ry  d a t a  we have 
concluded t h a t  t h i s  process i s  the  dominant loss 
mechanism f o r  n i t rogen  molecules i n  t he  A3c s t a t e  when 
t h e  dens i ty  of these  metastable molecules i s  comparatively 
h igh  (- 5 x cm-3). The fol lowing r eac t ion  scheme 
appears  l i k e l y ,  

From a n  

[N;(X1$) + Ng(5Cfg)l -> N;(XIZi) + N(llS) + N(4S), 

where the NZ den0 e 
molecule and N $ ( k $  denotes a 
formed i n  t he  d i s s o c i a t i o n  continuum of the  s t a t e .  T h i s  
molecule i s  uns tab le  n d  i n  a comparatively s h o r t  t i m e  
d i s s o c i a t e s  i n t o  two &S atoms which possess about 1 .2  ev 
between them i n  t he  form of k i n e t i c  energy. 

a v ibra t ion  l l y  exc i t ed  ground-state 
molecule t h a t  has been 

The r a t i o  of t h e  rate c o e f f i c i e n t  f o r  t h i s  process,  
k, t o  t h e  r a d i a t i v e  t r a n s i t i o n  p r o b a b i l i t y  f o r  t h e  ( 0 , 6 )  
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t 

Vegard-Kaplan band, A (  0 , 6 ) ,  has been determined and a t  
3 O @ K  k/A(0,6) = 3 x 10-9 cm3. 
successfu l  a t tempt  t o  observe metastable-metastable 
c o l l i s i o n s  involv ing  diatomic molecules, and these  
r e s u l t s  have been repor ted  a t  the  1 7 t h  Gaseous E lec t ron ic s  
Conference (October 14-16, 1964) ( 8 ) .  

Addit ional  l abora to ry  s t u d i e s  on c o l l i s i o n  
processes  of aeronomic i n t e r e s t  a r e  planned and the 
development of s u i t a b l e  labora tory  apparatus  f o r  t h i s  
purpose i s  our immediate goa l .  I n  add i t ion ,  we plan t o  
extend our a n a l y s i s  of e x i s t i n g  d a t a  on the  A%: s t a t e  t o  
h igher  v i b r a t i o n a l  l e v e l s  and t o  a s s e s s  the  r o l e  played 
by thermal e l e c t r o n s  i n  the  deac t iva t ion  of t h i s  s t a t e .  
We a l s o  plan t o  complete the  ca l cu la t ion  o f  t h e  
e x c i t a t i o n  of t he  f i r s t  and second p o s i t i v e  systems of 
0: i n  t he  dayglow through simultaneous e x c i t a t i o n -  
i o n i z a t i o n  of 0 by s o l a r  EUV r a d i a t i o n  and compare t h e  

T h i s  i s  the  f i r s t  

c a l c u l a t e d  resu f t s  with previously obtained rocket  da t a .  

N. P .  Carleton and 0. Oldenberg, J .  Chem. Phys. - 36, 
3460 (1962).  

H. M .  Crosswhite, E .  C .  Zipf, Jr., and W .  G .  F a s t i e ,  
J .  Opt. SOC. Am. - 52,  643 (1962).  

M .  Jeunehomme and A .  B. F. Duncan, J .  Chem. Phys. 41, 
1692 (1964). 

J .  F. Noxon, J .  Chem. Phys. - 36, 926 (1962). 

E .  C .  Zipf ,  Jr., Transient S tud ie s  o f  De-ionization 
Processes in t h e  N i t r o  en A Johns Hopkins 
Spec t r o s c o F c R e p o r  +*m7 e J o  n s  Hopkins 
Univers i ty ,  Baltimore, 1961. 

E .  C .  Zipf,  Jr., J. C h e m .  Phys. - 38, 2034 (1963) 

E. C. Zipf, Jr.,  Bu l l .  Am. Phys. SOC. - 9, 185 (1963). 
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COMMUNICATION BY ELECTRICAL STIMULATION OF THE SKIN 
by 

Robert H. Gibson, Associate Professor  of Psychology 

General 

This  r e p o r t  covers the  summer per iod of a research  
program on communication by means of e l e c t r i c a l  s t imu la t ion  
o f  t he  sk in  senses.  Equipment development and modification, 
experiments on t a c t i l e  sensory p r o p e r t i e s  and on t i s s u e  
e l e c t r i c a l  c h a r a c t e r i s t i c s ,  and a computer program are 
descr ibed.  The research  reported i s  p a r t  of a three-year  
program supported p a r t l y  by NSF (a-15440) , by N I H  (NB05099-01), 
by an i n s t i t u t i o n a l  g r a n t  from NSF t o  Carnegie I n s t i t u t e  
of Technology, and i n  p a r t  by an  i n s t i t u t i o n a l  g ran t  t o  the 
Univers i ty  o f  P i t t sbu rgh  from NASA. 

During the r e p o r t  per iod the p r o j e c t  was moved 
wi th  the  p r i n c i p a l  i n v e s t i g a t o r  from Carnegie I n s t i t u t e  
o f  Technology t o  the Psychology Department o f  t he  Univers i ty  
o f  P i t t sburgh .  I n  June, an M.S. thesis ,  e n t i t l e d  S p a t i a l  
Fac to r s  i n  E l e c t r i c a l  St imulat ion of Touch, w a s  completed 
under p r T e c t  support  and s u b m i t t e T t o  Carnegie Tech by 
James R. Mill igan. A 30-minute t a lk ,  e n t i t l e d  E f f e c t s  of 
Temperature on Touch, Pain and on Tissue E l e c t r i c a l  
P r o p e r t i e s  w z  ~ e r ~ n ~ t i S b e ~ .  Gibson t o  t h e  
annual meeting of the  Psychonomic Socie ty  a t  Niagara 
F a l l s ,  Ontario.  

_I 

Various a t tempts  t o  devise cutaneous communication 
systems as supplements t o  v i s ion  and a u d i t i o n  have been 
made ove r  the p a s t  century.  None has provided the speed 
or complexity comparable t o  information t ransmission 
through v i s u a l  o r  aud i to ry  channels. 
l i m i t i n g  p r o p e r t i e s  of  the  touch sense,  the l i m i t e d  na tu re  
of cutaneous communication r e f l e c t s  the f a i l u r e  b e s t  t o  use 
p r o p e r t i e s  of touch perception. 

Rather than r e f l e c t i n g  

To f i n d  whether cutaneous channels are e f f e c t i v e  
f o r  more than  simple, unidimensional warning information, 
or s low speech t r a n s l i t e r a t i o n ,  i t  i s  e s s e n t i a l  t o  
determine perceptua l  p rope r t i e s  o f  s t i m u l i  var ied  sys t ema t i ca l ly  
a long  temporal and spat ia l  dimensions. One impediment f o r  
acqu i r ing  such knowledge has  been p o o r  s t imulus cont ro l .  
Unlike mechanical s t i m u l i  such as from v i b r a t o r s ,  which are 
impeded i n  t h e i r  movement by t h e i r  own mass and by t i s s u e  
f a c t o r s ,  e l e c t r i c a l  s t i m u l i ,  as l i g h t  and sound s i g n a l s ,  
a r e  capable o f  a wide range o f  temporal v a r i a t i o n .  U n t i l  
r ecen t ly ,  e l e c t r i c a l  sk in  s t imula t ion  r e a d i l y  exc i t ed  p a i n  
and thereby s a w  l i m i t e d  use. NOW, procedures (1,2) have 
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been worked ou t  i n  de ta i l  f o r  p a i n l e s s  e l e c t r i c a l  s t imu la t ion  
of t h e  touch system. 
d i r e c t  cur ren t ,  when combined i n  s h o r t  t r a i n s ,  a t  low pu l se  
and t r a i n  r e p e t i t i o n  r a t e s ,  and through s u f f i c i e n t l y  large 
e l ec t rodes ,  de l ive red  by constant  cu r ren t  s t i m u l a t o r  so 
t h a t  peak cur ren t  does not  vary wi th  t i s s u e  impedance, 
r e l i a b l y  can arouse p a i n l e s s  touch. 

B r i e f  (0 .5  msec.) p u l s e s  of Anodal 

The remainder o u t l i n e s  progress  on a program of 
psychophysical experiments w i t h  e l e c t r i c  s t i m u l i  aimed a t  
con t r ibu t ing  t o  b a s i c  sensory knowledge i n  three over- 
lapping  areas: (i) st imulus control ,  (ii) percep tua l  
p r o p e r t i e s  of touch, and (iii) cutaneous communication. 

P r o j e c t s  

1. Mult iple  Dimension Stimulus Control System 

data on b a s i c  sensory and perceptual  phenomena mainly i n  
the i r  s t a t i c  states, one stimulus ( o r  pair)  a t  a t i m e .  Y e t ,  
the perceptual na tu re  of absolute  l o c a t i o n  phenomena, appar- 
e n t  motion, e t c . ,  a l l  may change markedly i n  a dynamic 
s i t u a t i o n  where spatial  and temporal patterns are changed 
r a p i d l y  and repea ted ly  over  time. Thus, w e  devised a 
system t o  con t ro l  mu l t ip l e  dimension s t imu l i .  T h i s  system 
w i l l  be used i n  l a t t e r  stages o f  the equal-loudness and 
apparent-motion s t u d i e s ,  and i s  requi red  f o r  a mul t ip le -  
t a r g e t  t r ack ing  p r o j e c t  planned f o r  next  year .  

The research  t o  da t e  has been designed t o  acqui re  

The genera l  problem f o r  the system i s  t o  d e l i v e r  
r a p i d l y  a number of pre-programmed cutaneous e l e c t r i c a l  
s t i m u l i ,  d i f f e r e n t  as t o  severa l  s t imulus parameters as 
w e l l  as the number of e lec t rode  l o c a t i o n s  on t h e  body 
simultaneously s t imula ted .  A s p e c i a l l y  cons t ruc ted  block 
tape r eade r  t h a t  o p t i c a l l y  reads 96 b i t s  o f  information 
each step,  a t  a maximum rate o f  10 steps per  second, i s  
the heart of the  system. There a r e  s i x  independent 
channels,  each mult iplexed t o  8 e l ec t rodes ,  a t o t a l  of  
48 l o c a t i o n s  on t h e  body. A l l  l o g i c  c i r c u i t r y  has been 
breadboarded and checked out ,  and cons t ruc t ion  i s  25. ‘per cent 
complete. A draft f o r  a manual of d e s c r i p t i o n  and 
ope ra t ion  i s  s u b s t a n t i a l l y  complete. A tape library of 
v a r i e d  s t i m u l i  i s  being prepared. 

2. E l e c t r i c a l  Thermode 

t o  genera te  r ap id  temperature change p ropor t iona l  t o  the 
q u a n t i t y  of e l e c t r i c i t y  passed through a junc t ion ,  was 
attached t o  a machined brass e lec t rode  and b u i l t  i n t o  
e s s e n t i a l l y  a beam balance so as t o  c o n t r o l  e l e c t r o d e  pressure. 

A thermoelec t r ic  element, using the  PELTIER e f f e c t  
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Attaching the proper  hea t  sink t o  t he  upper p l a t e  of the 
element enables  a delta-temperature between upper and lower 
plates  o f  55OC. 
heat load i s  suppl ied  by the t i s s u e s  of t he  d o r s a l  
forearm t o  a one square inch  area; thus  the  temperature 
can be quickly va r i ed  (15 sec./OCn) from cold,  through 
n e u t r a l ,  t o  w a r m ,  without being moved on the skin,  a 
d i s t i n c t  advantage f o r  threshold r e l i a b i l i t y .  

Based on rough ca l cu la t ions ,  a 7-watt 

3. Skin Temperature E f f e c t s  on Touch and Pain S e n s i t i v i t y  

This  i s  p a r t  of a larger e f f o r t  t o  determine 
f a c t o r s  i n  e l e c t r i c i t y  t ha t  u n d e r l i e  cutaneous s t imu la t ion  
so as t o  e l u c i d a t e  sensory mechanisms of opera t ion .  

Touch and p a i n  thresholds  were obtained f rom 
s e v e r a l  observers  under a v a r i e t y  of c o n t r o l s  and condi t ions,  
most o f  which were aimed a t  increas ing  the p r e c i s i o n  of 
measurement. 

E f f e c t s  of temperature v a r i a t i o n  of l 5 O C  t o  45OC, 
t h e  t o l e r a b l e  range, on e l e c t r i c a l  touch s e n s i t i v i t y  were 
s l i g h t  o r  nonexis ten t .  Thus, the s i t e  o f  e x c i t a t i o n  of 
t h e  touch system by e l e c t r i c i t y  i s  probably d i r e c t l y  
a t  the nerve i t s e l f ,  beyond the r ecep to r  p o t e n t i a l ,  since 
the  r a t e  of i n c r e a s e  of t h i s  p o t e n t i a l  wi th  a cons tan t  
amplitude s t imulus v a r i e s  d i r e c t l y  w i t h  temperature. 

Contrary t o  expectat ions,  the r e s u l t s  with 
s t i n g i n g  pa in  on ha i ry  t i s s u e  suggest an approximately 
U-shaped func t ion  r e l a t i n g  pain threshold  as peak 
cu r ren t  t o  temperature, w i th  maximum s e n s i t i v i t y  t o  pain 
n e a r  room temperature. However, p a i n  thresholds  were 
h igh ly  v a r i a b l e ,  d e s p i t e  ex t raord inary  precaut ions  t o  
o b t a i n  r e g u l a r i t y  by reducing e f f e c t s  o f  extraneous 
v a r i a b l e s ,  implying e i t h e r  a b a s i c  i n s t a b i l i t y  i n  the 
p a i n  mechanism, o r  f u r t h e r  va r i ab le s  f o r  study. Several  
observa t ions  suggest the  l a t t e r ,  t h a t  t h re sho lds  vary 
from t i s s u e  p r o p e r t i e s  independent of sensory mechanisms, 

A s t i n g i n g  pa in  from e l e c t r i c a l  s t imu la t ion  might 
simply r e f l e c t  t i s s u e  breakdown from peak vo l t ages  
developed a c r o s s  high r e s i s t ance  po r t ions  of the  t issues  
t h a t  exceed the d i e l e c t r i c  breakdown vol tages ,  t h u s  
causing p a i n  from sudden h i g h  cu r ren t  d e n s i t y  a t  a spot. 
T h i s  no t ion  w i l l  be f o l l o w e d  up b o t h  (1) by us ing  means 
f o r  reducing t i s s u e  r e s i s t ance  thus  the  vol tage  requi red  
t o  s t imu la t e  w i t h  a given current ,  and ( 2 )  by monitoring 
4 paral le l  segments of an e lec t rode  sepa ra t e ly ,  each on 
i t s  own osc i l l o scope  t r a c e ,  t o  see whether t h e  vol tage  
developed between any segment and i t s  ground inc reases  
suddenly r e l a t i v e  t o  t h e  o the r  segments a t  p a i n  threshold,  
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4. E l e c t r i c a l  P rope r t i e s  of Tissue 

of t i s s u e  s t imula ted  wi th  pulses  o f  d i r e c t  cu r ren t .  The 
more genera l  ,Gin isto relate  t i s s u e  p r o p e r t i e s  t o  sensory 
events .  

The purpose was t o  determine e l e c t r i c a l  p r o p e r t i e s  

The t ime-proper t ies  of vo l tage-cur ren t  r e l a t i o n s h i p s  
wi th in  t i s s u e  were determined by recording the vol tage  
response t o  cur ren t  p u l s e s  of 1.0 t o  50 msec. du ra t ion  
de l ive red  by cons tan t  cu r ren t  s t imu la to r  wi th  high output  
impedance ( e f f e c t i v e l y  200 megohms). 

The volta.ge l e d  through ha i ry  and hairless t i s s u e  
on f i v e  observers  was examined as a func t ion  of ( i )  peak 
c u r r e n t  ampli tude,  (ii) e lec t rode  s i z e ,  and (iii) s k i n  
temperature.  The vol tage  developed a c r o s s  the two 
e l e c t r o d e s  ( large i n d i f f e r e n t  e l ec t rode  on the sole of 
the f o o t ,  small a c t i v e  e l ec t rode  on e i t h e r  the d o r s a l  
forearm or t he  palm a t  the  base o f  the thumb) 
d isp layed  on one t r a c e  o f  a Tektronix 561 osc i l loscope ,  
t h e  cu r ren t  pu lse  displayed on another  t r a c e ,  and both 
photographed. 

was 

It was found t h a t  the cu r ren t  rises n e a r l y  i n s t a n t l y  
t o  maximum, but  t he  vol tage lags, as i n  a c a p a c i t a t i v e  circuit 
w i t h  t h e  rate o f  r i s e ,  as w e l l  as the  peak vol tage  a t  any 
g iven  cu r ren t  a func t ion  of the v a r i a b l e s  inves t iga t ed .  
Therefore,  (i) the  peak vol tage,  and (ii) the t i m e  cons tan t  
of vnlt.age growth were measured from enlargements of the  
osc i l l o scope  photographs as a func t ion  of the three 
v a r i a b l e s .  

Resul t s  were: (1) as cu r ren t  i n c r e a s e s  from 0.05 
t o  5.0 peak mill iamperes,  t i s s u e  peak r e s i s t a n c e  decreases ,  
i n i t i a l l y  p r e c i p i t o u s l y ,  thrln more slowly wi th  f u r t h e r  
c u r r e n t  i nc rease .  The decrease i s  from higher  than 250 kohms, 
t o  l ess  than 10 kohms, f rom 0.05 m a  t o  5 .0  m a .  The r e l a t i o n  
between peak r e s i s t a n c e  and peak cu r ren t  i s  hyperbol ic  
w i t h  an exponent nea r ly  uni ty;  double t h e  cu r ren t ,  the  
peak r e s i s t ance .  i s  nea r ly  halved. ( 2 )  The time cons tan t  
fa l l s  i n  the  same manner a s  the eak r e s i s t a n c e  (al though 
wi th  a s l i g h t l y  g r e a t e r  exponent P wi th  a peak cu r ren t  
i n c r e a s e .  The v a r i a t i o n  i n  time constant  can be accounted 
f o r  l a r g e l y  i n  terms o f  the f a l l  i n  peak r e s i s t a n c e .  Thus, 
t i s s u e  r e s i s t a n c e  pr imar i ly ,  no t  membrane capaci tance,  
i s  a f f e c t e d  by the  passage of cu r ren t .  It i s  reasonable 
t o  assume t h a t  mos t  of the  t i s s u e  change i s  i n  the su r face  
l a y e r s ,  f o r  they  represent  a large percentage of the t o t a l  
i n t e r e l e c t r o d e  r e s i s t a n c e .  Future p l ans  inc lude  (1) 
fol lowing up t h i s  hypothesis  by manipulating su r face  
t i s s u e  r e s i s t a n c e ,  and ( 2 )  determining the r e l a t i o n  between 
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r ap id  t i s s u e  r e s i s t a n c e  changes and sensory thresholds .  
I n  a more p r a c t i c a l  vein,  i t  i s  c l e a r  t h a t  i t  i s  no t  
safe t o  s t imula te  human t i s s u e  wi th  e l e c t r i c i t y ,  e i t h e r  
f o r  touch perceptua l  research  o r  t he rapeu t i c  purposes, 
without use e i t h e r  o f  constant  cu r ren t  s t i m u l a t o r s  o r  
r a p i d l y  a c t i n g  cu r ren t  l i m i t e r s .  Also, t o  ou r  s u r p r i s e ,  
owing t o  the  l a r g e  decrease i n  t i s s u e  r e s i s t a n c e  wi th  the  
passage o f ,  say only 100 peak microamperes f o r  1.0 m i l l i -  
second, peak vol tage requirements f o r  s a t i s f a c t o r y  
cons tan t  cu r ren t  opera t ion  i n  the 0.1 t o  5.0 milliampere 
reg ion  i s  c l e a r l y  p o s s i b l e  w i t h  peak vol tages  of l e s s  
than 60 v o l t s .  Th i s  makes t r a n s i s t o r i z e d  cons tan t  cu r ren t  
u n i t s  f e a s i b l e  f o r  po r t ab le  communication devices.  

5. Computer Simulation of Tissue Voltage Response 

s t e p  o f  cu r ren t ,  and i t s  dependence on cu r ren t ,  e l e c t r o d e  
s i z e ,  temperature, and c e r t a i n  p o l a r i t y  e f f e c t s  no t  
d i scussed  here ,  imply a dynamic c i r c u i t  wi th  r e s i s t a n c e s  
and capaci tances  varying nonl inear ly  over time. There- 
f o r e ,  such c i r c u i t s  a r e  d i f f i c u l t  t o  solve with s imple 
c i r c u i t  theory.  A s  a beginning, two computer programs 
were w r i t t e n  t o  produce as output p l o t s  of vo l tage  versus  
time. One program produced an approximation t o  o u r  
p i c t u r e s  by p l o t t i n g  t h e  appropriate  exponent ia l  growth. 
The o the r ,  and more promising, used the  SCADS subrout ines  
a t  Carnegie Tech I s computation center ;  SCADS = Simulation 
of Combined Analogue D i g i t a l  Systems. The f i n a l  ve r s ion  
of t h i s  program sets ~p an analog c i r c u i t  t h a t  approximates 
a p a r a l l e l  R-C network wi th  a l a rge ,  v a r i a b l e  series 
r e s i s t o r  t o  assure  constant  cur ren t .  The output  of t h i s  
program c lose ly  approximates some osc i l loscope  p i c t u r e s .  
The next  s t e p  i s  t o  f i l l  i n  appropriate  c i r c u i t  element 
va lues  . 

The na ture  o f  t he  vol tage rise, w i t h  a r ec t angu la r  

6. Eaual "Loudness" Functions 

Threshold peak cur ren t  ( w i t h  0.5 msec. p u l s e s )  and 
the ' 'loudness" of suprathreshold e l e c t r i c a l  s t i m u l i  vary 
wi th  (i) t r a i n  dura t ion ,  (ii) r e p e t i t i o n  rate,  (iii) 
e l e c t r o d e  s i z e ,  and ( i v )  t he  number of e l e c t r o d e s  on a 
g iven  body region (i. e .  , i n t e r e l e c t r o d e  d i s t a n c e )  Thus, 
t h e s e  v a r i a b l e s  cannot now be simply manipulated without 
simultaneously monitoring peak cu r ren t .  Equal "loudness" 
f u n c t i o n s  a r e  being obtained for these v a r i a b l e s  on 
s e v e r a l  body regions.  The observer matches the apparent  
i n t e n s i t y  of one s t i m u l u s  t o  t h a t  o f  another .  Such 
f u n c t i o n s  will provide normative data that make i t  
feas ib le  i n  f u r t h e r  experiments t o  manipulate t hese  
v a r i a b l e s  i n  combination over wide ranges us ing  the 
s t imulus  con t ro l  system w i t h  only minor unplanned va r i a -  
t i o n s  i n  apparent  i n t e n s i t y .  
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APPENDIX D 

New NASA-SRCC Faculty Appointees 

1. FWDERICK KAUFMAN, Professor of Chemistry. 

Professor Kaufman received his doctorate from the Johns 
Hopkins University in 1948. 
Chemist with the Ballistic Research Laboratories of the 
Aberdeen Proving Grounds. His field of research is the 
study of gas reaction mechanisms at high temperatures 
and combustion problems. 

He was Chief Physical 

2. LESLIE L. SEIGLE, Visiting Professor of Metallurgical 
Engineering. 

Professor Seigle received the D.Sc. degree from MIT 
in 1961. He will be at the University of Pittsburgh 
from October 15, 1964, to April 15, 1965, on leave 
from his position as Manager of Research in Metallurgy 
at the General Telephone and Electronics Laboratory. 
His fields of research include thermodynamic properties 
of solids, diffusion theory in alloys, electrical and 
optical properties of thermoconductors. 

GEORGE P. SZEGb, Visiting Associate Professor of Electrical 
Engineering. 

Professor Szei6 received his doctorate in physics from 
the university of Pavia in 1956. He is currently 
associated with the Institute of Theoretical Physics 
of the University of Milan, but has been in this 
country since 1960 as Visiting Assistant Professor of 
Electrical Engineering at Purdue University (through 1962) . 
During this period, he was also associated with the 
Control and Information Systems Laboratory. From 
1962-1963, he was a Member of the Center for Control 
Theory of the Research Institute of Advanced Studies 
in Baltimore. More recently he has been associated 
with RIAS, a research subsidiary of the Glenn L. Martin 
Company, and with the Technological Institute of 
Northwestern University. Basically an applied 
mathematician, his research involves theory of dynamic 
systems and control theory and non-linear differential 
equations. He has been at Pittsburgh since September 1, 
1964, and will be here until approximately mid-November. 

3.  

4. EDWARD I. SALKOVITZ, Professor of Metallurgical Engineering 
and Physics. 

Professor Salkovitz received his B.Sc ., M.Sc., and D.Sc. 
(1950)--all in physics--from Carnegie Institute of Technology. 

c 
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He i s  c u r r e n t l y  Head of t h e  Metallurgy Branch a t  ONR 
and a c t s  as P r inc ipa l  Consultant t o  the Chief of  Naval 
Research, the  Chief S c i e n t i s t  and the i r  s taffs .  He 
w i l l  come t o  the  Universi ty  of P i t t sbu rgh  i n  February, 
1965, and i s  cons ider ing  work  i n  areas of  (1) l i q u i d  
s t a t e  of metals and a l l o y s ,  i . e . ,  e l e c t r o n i c  p rope r t i e s ;  
( 2 )  polymers--mechanical, thermal, e l e c t r i c a l ,  and 
magnetic p rope r t i e s ;  app l i ca t ion  of t o o l s  and concepts 
o f  metallurgy and s o l i d  s t a t e  physics t o  polymer 
research .  


